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INTRODUCTION.
*
The oh s e r r a t i o n s ,  r e p o r te d  and d is c u s s e d ,  i n  t h i s  
t h e s i s ,  were made in  th e  m ed ica l w ards and b io c h e m ic a l 
la b o r a to r y  o f  th e  R oyal H o s p ita l  f o r  S ic k  C h ild re n , G lasgow. 
The work owes i t s  i n s p i r a t i o n  t o  P r o f e s s o r  L eonard  F in d la y  
whose c o n tin u o u s  i n t e r e s t  and  h e lp f u l  c r i t i c i s m  th e  w r i t e r  
h a s  g r e a t ly  a p p re c ia te d .  E very  f a c i l i t y  f o r  i n v e s t i g a t i o n  
o f  c a s e s  h a s  b een  f r e e l y  g ra n te d  by P ro f e s s o r  F in d la y  and 
D r. G.B. F lem ing , and i s  he reb y  g r a t e f u l l y  acknow ledged.
The ad v ic e  o f D r. N. M o rris  on m a t te r s  o f  b io o h em ica l 
a n a ly s i s  h a s  been  in v a lu a b le ,  and th e  w r i t e r  i s  f u r t h e r  
in d e b te d  t o  D r. M o rr is  and Dr. M acrae f o r  th e  u se  o f  c e r t a i n  
f ig u r e s  acknow ledged in  th e  t e x t ,  and t o  th e  D ir e c to r s  o f  
th e  C arneg ie  T r u s t  f o r  t h e  f i n a n c i a l  a s s i s t a n c e  a f fo rd e d  by 
a  C arneg ie  R e se a rch  S c h o la r s h ip .
In  v iew  o f  th e  f a c t  t h a t  th e  v a r i a t i o n s  in  b lo o d  ca lc iu m  
and phosphorus i n  r e n a l  d is e a s e  a re  v e ry  in c o m p le te ly  un d er­
s to o d , any f u r th e r  a tte m p t t o  e lu c id a te  t h e i r  m etabo lism  
r e q u i r e s  no j u s t i f i c a t i o n .  P re v io u s  o b s e rv a t io n s  have been  
c o n fin e d  m ain ly  t o  th e  a b e r r a t io n s  found in  th e  serum  v a lu e s ,  
b u t in  th e  p re s e n t  i n v e s t i g a t io n  a  much more com prehensive 
study  h a s  been  made, and th e  work i s  p re s e n te d  i n  v a r io u s  
s e c t io n s .  The l i t e r a t u r e  a p p ro p r ia te  t o  each  s e c t io n  i s  
d e ta i l e d  p r io r  t o  c o n s id e r a t io n  o f  th e  r e s u l t s  o f th e  p re s e n t  
e n q u iry , and th e  s e c t io n s  a re  a rra n g e d  a s  fo llo w s .
1 .  The serum c o n te n t o f  ca lc iu m  and in o rg a n ic  phosphorus in  
n e p h r i t i s .
p. The u t i l i s a t i o n  o f  ca lc iu m  and phospho rus.
A b so rp tio n  o f  phosphorus.
4 * A b so rp tio n  o f ca lc ium .
5. /
5 * E x c re t io n  A -  U rin a ry  e x c r e t io n  o f  c a lc iu m  and p h o sp h o ru s .
B -  F a e c a l c o n te n t  o f  c a lc iu m  and p h o sp h o ru s .
C -  The e v id en ce  o f  i n t e s t i n a l  e x c r e t io n  o f  
c a lc iu m  and phosphorus in  n e p h r i t i s .
6* G en era l c o n s id e r a t io n s  -  a c id o s i s  e t c .
7 .  Summary.
The m ethods of a n a ly s i s  a re  d e ta i l e d  i n  A ppendix I ;  th e  c a s e -  
h i s t o r i e s  o f th e  p r i n c i p a l  s u b je c t s  o f  th e  i n v e s t i g a t i o n  a re  
s u p p lie d  i n  Appendix I I .
S ince  re fe re n c e  t& T a b le s  and C h a r ts  o c c u rs  in  d i f f e r e n t  
s e c t io n s  o f  th e  t h e s i s ,  th e s e  have been  g rouped  f o r  th e  sake 
o f  co n v en ien ce  im m ediate ly  a f t e r  th e  B ib lio g ra p h y .
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I .
Calcium  and in o rg a n ic  phospho rus o f  “b lood  serum
i n  n e p h r i t i s .
E i s t o r i o a l :  D uring th e  p a s t  f o u r te e n  y e a r s  f r e q u e n t  r e f e r e n c e
h a s  been  made t o  th e  a l t e r a t i o n s  found  i n  v a r io u s  c o n s t i t u e n t s  
o f  t h e  b lood  in  r e n a l  d i s e a s e .  C o n s id e ra b le  a t t e n t i o n  h a s  
been  g iv e n  to  th e  b e h av io u r o f  u re a , c h lo r id e s ,  c r e a t i n i n e ,  & 
c a lc iu m , phosphorus e t c .  and i t  h a s  been  shown t h a t  th e  
a b e r r a t io n s  o f  many o f  th e s e  su b s ta n c e s  a re  in t im a te ly  
a s s o c ia te d .  Thus Hartm ann and Darrow have r e c e n t ly  co n ten d ed  » 
t h a t  in c r e a s e  in  u r e a  c o n te n t  i s  an  a tte m p t t o  com pensate f o r  
d e c re a se  in  serum e l e c t r o l y t e ,  and sh o u ld  n o t be re g a rd e d  a s  
th e  r e s u l t  o f  f a i l u r e  o f r e n a l  e x c r e t io n .  S im i la r ly ,  
d e c re a se  i n  serum  ca lc iu m  h as  f o r  many y e a rs  been  known to  
c o in c id e  w ith  d im in ish e d  plasm a p r o te in  and in c re a s e d  in o rg a n ic  
p h o sp h o ru s . So c lo s e  i s  th e  r e l a t i o n s h i p  o f  th e s e  t h r e e  
t h a t  a  fo rm u la  h as  been  e la b o r a te d  whereby th e  ca lc iu m  can  
be c a lc u la te d  f o r  known v a lu e s  o f th e  o th e r  tw o. The p a r t  
p la y e d , in  th e s e  b lo o d  changes, by th e  damaged k id n ey  i s  
s t i l l  o b scu re  and th e  ev id en ce  c o n f l i c t i n g .  T h is  i s  e s p e c i a l l y  
t r u e  w ith  re g a rd  to  p h o sp h o ru s .
P re v io u s  w orkers on b lo o d  phosphorus in  r e n a l  d is e a s e  have
been  unanim ous a s  t o  th e  o c cu rren c e  o f  a  h ig h  serum in o rg a n ic
phosphorus, th e  e le v a t io n  depending  on th e  d eg ree  o f  a c id o s i s .
(50 ) (7 ) (8 )
Howland and M a r r io t t ,  D enis and M in o t, D en is and Hobson,
(10) (9 ) (3 8 )
F e t t e r ,  De.W esselow, S a lv eso n  and L in d e r  each  re p o r te d  a  s e r i e s
o f  o b s e rv a t io n s , and were ag reed  t h a t  th e  in c re a s e  in  in o rg a n ic
phosphorus was due t o  11 r e t e n t  io n  o f  p h o sp h a te1* by th e  k id n e y .
T h is  c o n c lu s io n  was based  on th e  f in d in g  o f a  low u r in a r y
o u tp u t o f  phosphorus in  n e p h r i t i s ,  and seemed to  be an
ad eq u a te  e x p la n a t io n  o f th e  a l t e r a t i o n  in  serum c o n te n t  u n t i l
Boyd C ourtney and M oLachlan, a f t e r  d e te rm in in g  th e  phosphorus
b a la n c e , e x p re sse d  a  doubt a s  to  i t s  a c c u ra c y . R eferen ce
t o /
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t o  th e  above r e p o r t s  w i l l  be, made In  more d e t a i l  l a t e r  on.
(6 )
In  1927 Byrom and Kay exam ined th e  b lo o d  phospho rus 
i n  d e t a i l  i n  a  l a r g e  number o f  o a ses  o f  n e p h r i t i s ,  and 
d e m o n s tra te d  t h a t  t h e r e  was no in c r e a s e  i n  t o t a l  b lo o d  
p hospho rus b u t m ere ly  a  r e d i s t r i b u t i o n .  P h is  th e y  t r a c e d  to  
changes i n  th e  re d  c o rp u s c le s ,  th e  in c r e a s e  i n  in o rg a n ic  
phosphorus b e in g  g r e a t e s t  i n  p re se n c e  o f  se v e re  anaem ia.
In  norm al b lo o d  th e  d i s t r i b u t i o n  o f  th e  e s t e r  phosphorus was 
found to  b e : -  i n  th e  re d  c o rp u s c le s  97$ : i n  th e  le u c o c y te s
and p l a t e l e t s  2%z  i n  th e  p lasm a 1% .  Phe changes i n
n e p h r i t i s  were shown in  th e  chem ical c l a s s i f i c a t i o n  o f  b lo o d  
phosphorus a rra n g e d  a s  f o l lo w s :—
1 . A cid so lu b le  O rganic (E s te r ) P .  h y d ro ly sa b le  98$ in
n o n -h y d ro ly sa b le  r e d  b a l l s
In o rg a n ic  P . (= 7k  o f  t o t a l  b lo o d  P . )
2 . A lo o h o l-e th e r  s o lu b le  -  i i p i n  P .
3 . R e s id u a l  P . -  a  v e ry  sm all q u a n t i ty .
Phe in o rg a n ic  phosphorus in c re a s e d  a t  th e  expense o f  some o f
th e  n o n -h y d ro ly sa b le  e s t e r  phosphorus, th e  t o t a l  a c id - s o lu b le
phosphorus rem ain in g  unchanged.
P a p e rs  p u b lis h e d  w ith in  §he l a s t  two y e a rs  have c o n tin u e d
t o  r e f e r  t o  " r e t e n t io n  o f  p h o sp h a te " , u s in g  th e  te rm  a s
synonymous ustth " r e t e n t io n  o f  p h o sp h o ru s" . th ro u g h o u t th e
e n t i r e  l i t e r a t u r e ,  th e  two e x p re s s io n s  have been  u sed  to
convey th e  same id e a , b u t i n  t h i s  p ap e r i t  i s  p ro p o sed  t o
c o n s id e r  th e  phosphorus m etabo lism  from th e  s ta n d p o in t  o f  a
p o s s ib le  phosphorus r e t e n t io n ;  and to  om it th e  te rm  "p h o sp h a te
r e te n t io n "  e x ce p t when c i t i n g  r e f e r e n c e s .
As re g a rd s  ca lc iu m , many o b s e rv a tio n s  have been  r e p o r te d
(3 0 )
on th e  low  serum l e v e l  in  n e p h r i t i s .  M a r r io t t  and Howland,
(13) (27)
H alv erso n  I lo h le r  and Bergeim , Kramer P i s d a l l  and Howland,
(8) 19) (38 )
D enis and Hobson, De W esselow, S a lveson  and L in d e r among
(4 ) 139 )
e a r l i e r  w orkers and Boyd C ourtney and M cLachlan, S c r iv e r ,  and 
S a lv e se n /
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( 36)
Salves© n w i th in  th e  p a s t  few y e a r s ,  have l e f t  no doub t a s
t o  i t s  o o o u rren e e , b u t d i f f e r e d  c o n s id e ra b ly  in  a s s e s s in g  th e
s ig n i f ic a n c e  o f  th e  d e c re a s e . F o rm erly  i t  was th o u g h t t h a t
" r e t e n t i o n  o f  p h o sp h a te"  l e d  t o  e x c e s s iv e  e x c r e t io n  o f
c a lc iu m  by bow el, th e re b y  c a u s in g  th e  d e c re a se  i n  serum  l e v e l .
(4)
Boyd C ourtney  and M cLachlan how ever, showed t h a t  th e  c a lc iu m
b a la n c e  was a s  a  r u l e  p o s i t i v e ,  i . e .  t h a t  th e r e  was a  r e t e n t i o n
(36)
o f  ca lc iu m ; w h ile  S a lv e se n  was o f  o p in io n  t h a t  two c a u s a l  
f a c t o r s  were combined t o  e f f e c t  th e  r e d u c t io n  -  (1 ) d e c re a se  
in  p lasm a p r o t e i n ,  and (2 ) "p h o sp h a te  r e t e n t i o n " .
F u r th e r  r e f e r e n c e  t o  th e s e  o b s e rv a t io n s  w i l l  be made in  
th e  s e c t io n  d e a l in g  w ith  th e  ca lc iu m  and phospho rus b a la n c e s .
At p re s e n t  i t  w i l l  s u f f i c e  t o  in d ic a te  t h a t  th e  g e n e ra l  c o n sen su s  
o f  o p in io n  h as  fav o u red  r e t e n t i o n  o f  phosphorus and e x c e s s iv e  
e x c r e t io n  o f  ca lc iu m , and t h a t  th e  one s e r i e s  o f  b a la n ce  
ex p erim e n ts  was n o t s u f f i c i e n t l y  c o n c lu s iv e  t o  oause  th e s e  
t h e o r i e s  t o  be abandoned. F u r th e r  i n v e s t i g a t io n  seemed t o  be 
c a l le d  f o r ,  and th e  p re s e n t  s e r i e s  o f  o b s e rv a t io n s  was u n d e rta k e n  
p r im a r i ly  w ith  a  view  t o  d e te rm in in g  th e  c a lc iu m  and phosphorus - 
b a la n c e s  i n  n e p h r i t i s .
O b s e rv a tio n s . In  p u r s u i t  o f  t h i s  end , a  number o f  c h i ld r e n  
s u f f e r in g  from r e n a l  d is e a s e  have been  exam ined d u rin g  th e  
p a s t  y e a r .  C onsequen tly  t h e r e  a r e  a v a i la b le  a  c o n s id e ra b le  
number o f  e s t im a t io n s  o f  serum  ca lc iu m  and pho sp h o ru s , and i t  i s  
p roposed  to  r e p o r t  th e s e  b r i e f l y  b e fo re  d e t a i l i n g  th e  r e s u l t s  
o f  th e  i n v e s t ig a t io n s  in to  c a lc iu m  and phosphorus m etabo lism . 
S ince  a p p re c ia t io n  o f  th e  a b e r r a t io n s  found in  n e p h r i t i s  
depends p r im a r ily  on th e  l i m i t s  a c c e p te d  a s  th o s e  o f  p h y s io lo g i­
c a l  v a r i a t i o n ,  th e  norm al s ta n d a rd s  a c c ep ted  by o th e r  o b se rv e rs  
a re  o f  i n t e r e s t .
Howland and Kramer in d ic a te d  t h a t  th e  av erag e  v a lu e  f o r  
in o rg a n ic  phosphorus in  th e  serum o f  h e a l th y  c h i ld r e n  was 
5-4  mgs/
5 .4  mgs. p e r  100  c c s . ,  with. & ra n g e  o f  4 t o  J . l  mgs. W il ls  
s t a t e d  t h a t  t h e  re c o g n is e d  l i m i t s  f o r  serum  in o rg a n ic  
phosphorus i n  norm al c h i ld r e n  were 3 .2  t o  6*5 n ig s ., w ith  an  
av e rag e  v a lu e  o f 4*1 mgs. p e r  100 c c s . .  Her own s e r i e s  o f
o b s e rv a t io n s  showed th e  av erag e  v a lu e  to  be 4*8 m gs., w ith  
ex trem es o f  4«1 and 6 .1  m&s. p e r  100 c c s .  o f  serum .
Serum Ca. 
i n  m g s.p e r lOOccs. 
Average L.V . H.V.
Sea; 
i n  mgs. 
Average
rum P .
p e r  lO O ccs. 
L.V. H.V.
Howland & Kramer — 10 11 ~?>4 4 7 .1
W ill s(<tfr e p 0 r  t  e d 











Jo n es  & Eye 10 — — — — —
L e ic h e r 1 0 .6 — - — — —
C o n tro l c a se s  o f  
p re s e n t  s e r i e s 10 .01 8 .9 1 1 .4 2.66 6 . *
L.V. = lo w e s t V alue.
H.V. = H ig h est V alue.
(27)
Howland, K ram er, and T i s d a l l  found marked co n stan cy  o f
serum  ca lc iu m  i n  h e a l th y  c h i ld r e n ,  th e  v a lu e s  ly in g  betw een
( 21 )
10 and  11 mgs. p e r  c e n t .  Jo n es  and Eye gave th e  a v e rag e  
plasm a ca lc iu m  a s  10 mgs. p e r  100 c c s .  l e i o h e r  found t h a t ,  
in  h e a l th y  in d iv id u a ls  o f  th e  same ag e , th e  serum ca lc iu m  
showed l i t t l e  v a r i a t i o n ,  and g ave 1 0 .6  mgs p e r  c e n t a s  th e  
a v erag e  d u rin g  th e  f i r s t  tw en ty  y e a r s  o f  l i f e .  W ills  gave 
th e  g e n e ra l ly  re c o g n ise d  l i m i t s  a s  9 .5  to  1 1 .5  mgs. and i n  
h e r  own s e r i e s  found t h a t  th e  av erag e  v a lu e  was 1 0 .4  m gs., 
th e  ran g e  b e in g  1 0 .1  t o  11 mgs. p e r  c e n t .
W ith th e s e  f ig u r e s  th e  c o n tr o l  e s t im a t io n s  o f  th e  p re s e n t  
s e r i e s  a re  in  agreem ent b o th  a s  re g a rd s  th e  av erag e  serum 
v a lu e s  and th e  range  o f  norm al v a r i a t i o n s .  The s u b je c ts  o f  
th e s e  c o n tr o l  o b s e rv a tio n s  were c h i ld r e n  in  t h e  l a t e r  s ta g e s  
o f  c o n v a lescen ce  from v a r io u s  a c u te  i l l n e s s e s ,  to g e th e r  w ith  
a  number o f  c a se s  o f a lo p e c ia  a r e a t a  who p re s e n te d  no o th e r  
s ig n  o f d is e a s e .  The d e ta i l e d  b lood  a n a ly s i s  i s  in c lu d e d  in  
T ab le  I . /
* r A ll th e  T ab le s  w i l l  be found to g e th e r  a f t e r  th e  B ib lio g rap h y
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I n  n e p h r i t i c  s u b je c t s  (T a b le s  I I ,  I I I ,  IV) th e  serum  
ca lc iu m  was found  to  be d e c re a se d  d u rin g  th e  more a c u te  s ta g e s  
in c r e a s in g  su b se q u e n tly  a s  th e  g e n e ra l  c o n d i t io n  o f  th e  
c h i ld ,  judged  c l i n i c a l l y ,  im proved. T h is  in c r e a s e  i s  
a p p a re n t in  th e  m a jo r ity  o f  th e  c a s e s  i n  w hich a  s e r i e s  o f  
e s t im a t io n s  was made, b u t i s  p a r t i c u l a r l y  w e ll  i l l u s t r a t e d  
"fey Oases 5 and 12 (T ab le  I I I ) .  The lo w e s t v a lu e s  w ere found  
i n  two c a s e s  o f  c h ro n ic  n e p h r i t i s ,  one o f  whom d ev e lo p ed  
G hvostek*s s ig n  when th e  serum  ca lc iu m  was in  th e  r e g io n  o f  
4 mgs. p e r  c e n t .  I n  th e  o th e r  c a se  th e  serum  c a lc iu m  was 
red u ced  t o  3*7 Pe r  Q®at a  few days b e fo re  d e a th  b u t no 
f a c i a l  phenomenon c o u ld  be e l i c i t e d .
T hree  s e t s  o f  f ig u r e s  were o b ta in e d  showing th e  d e c re a se  
in  ca lc iu m  becoming more m arked a s  th e  i l l n e s s  p ro g re s se d  
(T ab le  IV ). I t  i s  a p p a re n t t h a t  t h i s  d im in u tio n  i s  a  slow  
p ro c e ss  occupying  a t  l e a s t  s e v e ra l  d ay s , and th e  same t a r d i n e s s  
i s  shown d u rin g  re c o v e ry , th e  serum  ca lc iu m  slo w ly  r e tu r n in g  
t o  norm al i n  th e  co u rse  o f s e v e ra l  w eeks.
The f ig u r e s  f o r  serum in o rg a n ic  phosphorus a re  in  
g e n e ra l  agreem ent w ith  th o s e  o f  o th e r  o b s e rv e rs . D uring  th e  
more a c u te  s ta g e s  o f  i l l n e s s  th e  phosphorus v a lu e s  were 
h ig h e r  th a n  th o s e  found l a t e r  on, b u t i n  v e ry  few in s ta n c e s  
was th e  serum phosphorus above th e  l im i t  o f  norm al ra n g e .
A gain, th e  h ig h e s t  v a lu e s  were n o ted  i n  th e  two c a se s  o f 
c h ro n ic  n e p h r i t i s ,  in  one re a c h in g  a  l e v e l  o f  l 6  mgs. p e r  
c e n t  a  few days b e fo re  d e a th , i n  th e  o th e r  a t t a i n i n g  a  
maximum o f  13*3 nigs, p e r  100  c c s .  The l a t t e r  c h i ld ,  c o n tra ry  
t o  e x p e c ta tio n  and c o n tra ry  t o  th e  re c o g n ise d  g r a v i ty  o f  
such a  h ig h  serum phosphorus made a  good re c o v e ry , and  when 
seen  s ix  m onths l a t e r  was in  good h e a l th  a lth o u g h  a lb u m in u ria  
was s t i l l  p r e s e n t .
The r e c ip r o c a l  r e l a t i o n s h ip  o f th e  serum ca lc iu m  and 
phospho rus/
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phosphorus i s  v e ry  w e ll  shown in  two o f  t h e  t h r e e  o a s e s  in
f t
C hart I .  The serum  C a ., serum  in o rg a n ic  P . ,  b lo o d  non­
p r o te in  n i t r o g e n  and CO  ̂ v a lu e s  have been  g rap h ed  so t h a t  
t h e i r  r e l a t i o n s h i p  t o  one a n o th e r  may be more e a s i l y  
a p p re c ia te d .  I t  i s  e v id e n t  t h a t  i n  p re se n c e  o f  se v e re  
a c id o s i s ,  a s  judged  by th e  00^ c o n te n t ,  th e  serum  c a lc iu m  i s  
red u c ed , th e  g rap h s  o f  CO  ̂ and Ga. in  a l l  t h r e e  c a s e s  
showing c lo s e  r e l a t i o n s h i p .  l ik e w is e ,  t h e r e  i s  some 
p a r a l l e l i s m  betw een th e  n o n -p r o te in  n i t r o g e n  and serum  
in o rg a n ic  p h ospho rus , w hich, how ever, i s  no t n e a r ly  so 
s t r i k i n g  a s  th e  Ca.-COg r e l a t i o n s h i p .
T here  a re  n o t a v a i la b le  s u f f i c i e n t  f i g u r e s  to  j u s t i f y  
any d is c u s s io n  on th e  v a r i a t i o n s  o f  ca lc iu m  and phospho rus 
in  th e  b lo o d , and no new f a c t s  have been  e l i c i t e d .  The 
m ain p o in t  o f any r e f e re n c e  to  b lo o d  v a lu e s  i s  t o  em phasize 
t h a t  i n  t h i s  r e s p e c t  th e  p r e s e n t  i n v e s t i g a t io n  was i n  
com plete  a c c o rd  w ith  th e  r e p o r t s  o f  o th e r  o b s e rv e r s .
♦A ll th e  C h a rts  w i l l  be found to g e th e r  a f t e r  th e
B ib lio g ra p h y .
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I I .
The U t i l i s a t i o n  o f  C alcium  and P hosphorus
in  N e p h r i t i s .
P re v io u s  r e f e r e n c e s : I n  v iew  o f  th e  a t t e n t i o n  w hich h a s
been  p a id  t o  t h e  v a r i a t i o n s  in  th e  serum  v a lu e s  o f calcium ^ 
and phosphorus in  n e p h r i t i s ,  i t  i s  r a t h e r  s u r p r i s in g  t o  
f in d  t h a t  th e  m etabo lism  o f th e  we s u b s ta n c e s  h a s  no t been  
in v e s t ig a te d  f u r t h e r .
(30 )
M a r r io t t  and Howland in  1916 p u b lis h e d  a  p a p e r  on 
^phospha te  r e t e n t i o n  a s  a  f a c to r  in  th e  p ro d u c tio n  o f  a c id o s i s  
i n  n e p h r i t i s ” . They r e a l i s e d  th e  p re se n c e  o f  some u p s e t  of 
a c id -b a s e  e q u il ib r iu m  and n o te d  d im in ish e d  u r in a r y  e x c r e t io n  
o f  ammonia. Having e l im in a te d  a ce to n e  b o d ie s  a s  a  c a u s a l  
f a c to r  in  p ro d u c tio n  o f th e  a c id o s i s ,  th e r e  b e in g  none o f  
th e s e  in  th e  u r in e ,  th e y  su g g e s te d  th e  p o s s ib le  im p l ic a t io n  o f  
l a c t i c  a c id ,  and p a sse d  on t o  fo cu s  a t t e n t i o n  on th e  r e n a l  
e x c r e t io n  o f  HafigPO^. R e g u la tio n  o f  a c id —b ase  e q u il ib r iu m  
o f  th e  body b e in g  m a in ta in e d  m ain ly  by th e  a b i l i t y  o f th e  
k idney  t o  e x c re te  HaH^PO^, in te r f e r e n c e  w ith  t h i s  fu n c t io n  w ould 
in e v i t a b ly  r e s u l t  i n  a c id o s i s .  As p ro o f  o f  th e  o c cu rren c e  
o f  t h i s  f a i l u r e  in  r e n a l  e x c r e t io n  th e y  d em o n s tra ted  accumu­
l a t i o n  o f in o rg a n ic  ”phosphate  " in  th e  b lo o d , a t  th e  same tim e 
c o n fe s s in g  t h a t  w h ile  in  marked n e p h r i t i s  th e r e  was a  ten d e n cy  
to  t h i s  in c r e a s e ,  y e t  d e a th  from n e p h r i t i s  som etim es o c c u rre d  
w ith o u t any r i s e  in  ” p h o sp h a te” and w ith o u t e v id en ce  o f 
a c id o s i s .  They a ls o  p o in te d  out t h a t  th e  a c id o s i s  m ight be 
overcome w ith o u t any c o rre sp o n d in g  change in  serum  phosphorus 
l e v e l .  The o p in io n  was e x p re sse d  t h a t  ” r e t e n t i o n  o f a c id  
phospha te” , w hich n o rm ally  c o n s t i tu t e d  a p p ro x im a te ly  90^ o f 
u r in a ry  p h o sp h a te , would be s u f f i c i e n t  to  acco u n t fo r  th e  a c id o s i s .  
Ho g e n e ra l is e d  s a l t  r e t e n t io n ,  in  w hich th e  phospha te  would 
o f  co u rse  p a r t i c i p a t e ,  was found. F in a l ly  in  su p p o rt o f th e  
o p in io n  t h a t  in c re a s e  i n  b lood  "p h o sp h a te” was no t th e  r e s u l t  
o f  a c id o s i s  th e y  p o in te d  out th e  absence o f  any such in c re a s e  
in  th e  serum o f  d ia b e t ic  p a t i e n t s .
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T h is  p a p e r  h a s  been  q u o ted  l a  m ost o f  th e  o th e r  
p u b l ic a t io n s  on Ca* and P* i n  th e  b lo d d  i n  n e p h r i t i s  s in c e  
1916 * The h y p o th e s is  o f  a  n r e t e n t  io n  o f  phosphate*  h a s  
found  g e n e ra l  a c c e p ta n c e , and in d eed  h a s  been  su p p o r te d  by th e  
c o r r o b o ra t iv e  e v id en ce  o f  d im in ish e d  u r in a r y  phosphate*  
M a r r io t t  and Howland th e m se lv e s  n o te d  th is *
(13)
In  1917 H alve so n , M ohler, and Bergdim  p u b lis h e d  some 
o b s e rv a t io n s  on th e  c a lc iu m  c o n te n t o f  b lo o d  serum  i n  v a r io u s  
p a th o lo g ic a l  c o n d it io n s*  They found d i s t i n c t l y  d e c re a se d  
v a lu e s  i n  haem atogenous ja u n d ic e , e c la m p s ia , pneum onia, and 
in  u raem ia , in  w hich th e  d e c re a se  was p a r t i c u l a r l y  marked*
They n o te d  a  low u r in a r y  e x c r e t io n  o f  c a lc iu m  in  se v e re  
n e p h r i t i s ,  and found  on ly  s l i g h t  in c re a s e  fo llo w e d  adm in is­
t r a t i o n  o f  ca lc iu m  la c ta t e *  In  th e  a c id o s i s  o f  p e rn ic io u s  
v o m itin g  o f  p regnancy  a l k a l i  th e ra p y  l e d  t o  d e c re a se  in  Ca* 
e x c r e t io n ,  th e  u r in a ry  c a lc iu m  f a l l i n g  t o  3 p e r  c e n t  o f  i t s  
p re v io u s  value*  Prom t h i s  i t  would a p p ea r t h a t  th e  d e c re a se  
in  u r in a ry  Ca* i n  n e p h r i t i s  c an n o t be a  r e s u l t  o f  th e  a c id o s is *  
They, a l s o ,  d e c id e d , from  c o n s id e r a t io n  o f  t h e i r  u r in a r y  
a n a ly s i s ,  t h a t  a c id o s i s  in  r e n a l  d is e a s e  was due t o  r e t e n t i o n  
o f  a c id ,  n o t t o  e x c e s s iv e  p ro d u c tio n , and su g g e s te d  th e  
p o s s i b i l i t y  o f  a  r e t e n t i o n  o f  b o th  c a lc iu m  and "phosphate*  
i n  n e p h r i t is *
In  th e  p e ru s a l  o f  many p a p e rs  d e a lin g  w ith  th e  v a r i a t i o n s  
o f  Ca* and P* in  t h i s  d is e a s e  no o th e r  r e f e re n c e  t o  such a  
p o s s i b i l i t y  h a s  been  met w ith* I t  s ta n d s  a lo n e , bu t i s  
c o n s id e re d  w orthy o f  p a r t i c u l a r  m en tion  in  v iew  o f  th e  
b a la n c e s  found in  th e  c o u rse  o f  t h i s  study*
S ince M a r r io t t  and Howland f i r s t  c a l l e d  a t t e n t i o n  t o  th e  
s u b je c t ,  many o th e r s  have commented on th e  in c re a s e d  serum 
in o rg a n ic  phosphorus, d e c rea se d  serum ca lc iu m , and d im in ish ed  
r e n a l  e x c r e t io n  o f  Ca* and P* in  n e p h r i t is *  The a c c e p te d  
e x p la n a t io n  o f  th e s e  a b n o rm a li t ie s  was based  on th e  i n a b i l i t y  
o f /
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o f  th e  n e p h r i t i c  k id n ey  t o  e x c r e te  p h o sp h o ru s . P h is  was 
supposed t o  r e s u l t  i n  r e t e n t i o n  o f  th e  l a t t e r  in  th e  b lo o d , 
and i n  an a tte m p t t o  remove th e  e x c e ss  o f  pho sp h o ru s th e r e  
was in c re a s e d  e x c r e t io n  o f  c a lc iu m , p resum ab ly  by th e  
i n t e s t i n e .  Hence th e  low  serum  Ca. v a lu e s .  ^
Por a  number o f  y e a rs  no d o u b ts  were e x p re s s e d  a s  to  
th e  i n t e g r i t y  o f  t h i s  th e o ry  o f r e t e n t i o n  o f p h o sp h o ru s . 
B alance e x p e rim e n ts , such  a s  have been  perfo rm ed  d u r in g  th e  
p a s t  t e n  y e a r s  on c a s e s  o f  r i c k e t s ,  d ia b e te s  m e l l i t u s ,  and 
e p i le p s y  on k e to g e n ie  d i e t a r y  t r e a tm e n t  do n o t seem t o  have 
been  c a r r i e d  o u t .  Y et, even  i f  only  to  c o n firm  th e  
d e t e n t i o n  o f p h o sp h a te” , th e y  would a p p e a r  to  be a d v is a b le ,  
t a k in g  in to  c o n s id e r a t io n  th e  e x p e rie n c e  o f  m e ta b o lic  
d is tu rb a n c e  in  o th e r  c o n d i t io n s ,  a  h e a l th y  s c e p t ic is m  in  
re g a rd  t o  th e  above th e o ry  would be e n t i r e l y  j u s t i f i e d .  
H yperglycaem ia in  d ia b e te s  m e l l i t u s  i s  n o t  a s s o c ia te d  w ith  
r e t e n t i o n  o f su g a r in  th e  body, and w ith o u t d e te rm in in g  th e  
phosphorus b a la n c e  in  n e p h r i t i s  th e  p o s s i b i l i t y  o f a  s im i la r  
occu rren ce  in  t h i s  d is e a s e  must be s e r io u s ly  c o n s id e re d .
V/eight i s  added t o  t h i s  s u g g e s tio n  when one th in k s  o f  
th e  d i s t r i b u t i o n  o f phosphorus in  th e  b lo o d  and th e  l im i te d  
e x te n t  o f  p r e s e n t  day knowledge a s  to  i t s  m etab o lism . Byrom 
and Kay e s t im a te  th e  in o rg a n ic  P . to  be abou t one tw e l f th  
p a r t  o f  th e  t o t a l  b lood  phosphorus, and v a s t  s t o r e s  a re  
a v a i la b le  fo r  th e  p ro d u c tio n  o f  an in c r e a s e .  Of th e  s k e le to n  
b o th  Ca. a n d 'P . a re  e s s e n t i a l  com ponents, and in  re c e n t  y e a rs  
i t  h a s  been  shown t h a t  phosphorus i s  in t im a te ly  a s s o c ia te d  
w ith  c a rb o h y d ra te  m etabo lism , im p ly in g  in t im a te  a s s o c ia t io n  
w ith  th e  m u sc les . Phe u n c e r ta in ty  o f  assum ing r e t e n t io n ,  
from in c re a s e  i n  such a sm all f r a c t i o n  o f  th e  t o t a l  body 
phosphorus a s  t h a t  re p re s e n te d  by th e  serum in o rg a n ic  P . must 
th e n  be obv ious.
P ak ing  th e  same l i n e  o f argum ent w ith  re g a rd  t o  th e  
d im in u tio n /
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diminution in  serum calcium, d e fic ien cy  o f Ca. becomes a
matter of some dubiety. Does the low serum le v e l  mean
increased excretion  and dep letion  of body ealoium? Again
the tremendous Btore of ava ilab le  calcium  in  the bones i s  --
fo rc ib ly  suggested.
N evertheless, u n til 1926 no balance experiments seem to
have been undertaken in  nephritis* In that year Boyd, Courtney 
( 4 )
and Meliachlan published a s e r ie s  o f  observations in  nephritic
p a tie n ts . Phey found that n ephritic  ch ildren  had a p o s it iv e
calcium balance u n less the intake was very low, s l ig h t ly  higher
than the minimal on which normal ch ildren  showed a p o s it iv e
balance. Phe Ca. balance was independent o f the blood calcium
content. Oedematous subjects a l l  showed a p o s it iv e  *phosphate”
balance, except two on minimal intake; while non-hydraemic
p atien t8 had in  most instances negative balances, ”extraneous
fa cto rs11 explaining the exceptions. Phey concluded that
"evidence o f phosphate reten tion  given by blood and balance
stud ies does not always agree” .
Phase observations must be looked upon with caution , as
the duration of the balance periods was in  each case only two
(11)
or three days. Findlay, Fat on and Sharpe have demonstrated
the fa l la c ie s  of such short periods. Apart from t h is ,  however,
Boyd, Courtney and HcLaehlan did not quote control observations
of th e ir  own, using for comparison with tb e ir  nephritic r e su lts
(40)
the figu res o f Sherman and Hawley. Pheir findings g ive added 
point to  the above remarks on the in a d v isa b ility  of judging 
retentions from blood observations. Phey a lso  suggest that 
the Ca. and P. balances in  n ep h ritis  would bear further  
in vestiga tion .
Observations; During the past year, the calcium and phosphorus 
balances have been determined in  a number of ch ildren  su ffer in g  
from n ep hritis. Phe resu lt o f th is  study i s  now to  be considered. 
In each case c l in ic a l  and biochemical data gave evidence of 
n ep h ritis /
- 13-
n e p h r i t i s .  Phe p ro ced u re  fo llo w ed  was s im i l a r  to  t h a t  
ob serv ed  i n  o th e r  b a la n c e  s tu d i e s  co n d u c ted  i n  t h i s  h o s p i t a l .
D ie t was c o n fin e d  e n t i r e l y  t o  m ilk , an  ap p ro x im ate  q u a n t i ty  
o f  100 c o s . p e r  k i l o  o f  body w eigh t b e in g  a llo w ed  d a i l y .
Y/here t h e  q u a n t i ty ,  so c a lc u la t e d ,  was th o u g h t t o  be to o  
b u lk y , some o f th e  m ilk  was re p la c e d  by su g a r i n  o rd e r  t h a t  
th e  c a lo r ic  v a lu e  m ight be m a in ta in e d . I n  each  c a se  th e  
c h i ld  was p u t on th e  s e l e c te d  d i e t  f o r  a  p e r io d  o f  a t  l e a s t  
th r e e  days p r i o r  to  th e  commencement o f  c o l l e c t i o n  o f  e x c re te u  ,
B alance  ex p e rim e n ts  m ust e v e r  be open t o  c r i t i c i s m  u n t i l  
some m ethod o f  m arking th e  fa e c e s  i s  in tro d u c e d , w hereby 
c o l l e c t io n  o f  th e  a p p ro p r ia te  specim ens may be made w ith  
c e r t a i n t y .  B e rg e im 's  su g g e s tio n , t h a t  a  carm ine  c a p su le  be 
g iv e n  w ith  th e  f i r s t  and l a s t  m eals o f  th e  p e r io d ,  th e  f a e c e s  
b e in g  c o l l e c te d  betw een th e  c o lo u re d  p a r t s  and in c lu d in g  th e  
f i r s t ,  was t e s t e d  in  s e v e ra l  norm al c h i ld r e n .  Phe carm ine 
was found to  be sp re ad  over th e  i n t e s t i n a l  e v a c u a t io n s  o f  
48 h o u rs , and th e  method a cc o rd in g ly  was abandoned. In  c a s e s  
where th e r e  was a ten d en cy  to  c o n s t ip a t io n ,  lav a g e  was u sed  
d a i ly .  In  a l l  c a se s  r e c t a l  la v a g e , w ith  a q u a n ti ty  o f  s t e r i l e  
w a te r , b e fo re  and a t  th e  end o f each  p e r io d  was p r a c t i s e d .
B alance s tu d ie s  were c a r r i e d  ou t on tw e lv e  n e p h r i t i c  
c h i ld r e n .  In  one o f  th e s e  th e  p ro ced u re  was d esig n ed  s p e c i a l l y  
to  show th e  method o f  e x c r e t io n ,  no s p e c ia l  a t t e n t i o n  b e in g  
p a id  to  th e  amount o f r e t e n t io n .  I t  w i l l  be c o n s id e re d  in  
th e  s e c t io n  d e a lin g  w ith  e x c r e t io n  o f Ga. and P . in  n e p h r i t i s .
T here a re  th e r e f o r e  e le v e n  c h i ld r e n  in  whom th e  q u a n t i t a t iv e  
b a la n c e s  o f  GaO and were d e te rm in ed  m ain ly  from  th e
v iew po in t o f “ phosphate  r e t e n t io n ” . These s u b je c ts  re p re s e n te d  
v a r io u s  p h ases  of r e n a l  invo lvem en t. Nine were c a se s  o f  
“a c u te  n e p h r i t i s ” , by w hich i s  meant an  a c u te  i l l n e s s  c h a r a c te r i s e d  
by s e v e ra l  o f  th e  fo llo w in g  symptoms and s ig n s :  headache , 
v o m itin g /
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v o m itin g , o l i g u r i a ,  oedema, in c re a s e d  b lo o d  p r e s s u r e ,  
a lb u m in u ria , h a e m a tu r ia , p re se n c e  in  th e  u r in e  o f  o a s t s ,  h i ^ i  
b lood  n o n -p ro te in  n i t r o g e n ,  in c re a s e d  serum  in o rg a n ic  P . and 
d e c re a se d  serum  Ga. They have been  c l a s s i f i e d  a s  “a c u te "  
s in c e  c l i n i c a l  reco v ery  seemed com plete  w i th in  t h r e e  t o  s ix  
m onths. The two rem ain in g  s u b je c t s  s u f f e r e d  from  c h ro n ic  
i n t e r s t i t i a l  n e p h r i t i s  accom panied by dw arfism  (Case 6) and 
c h ro n ic  parenchym atous n e p h r i t i s  (Case 4)*
In  fo u r  o f  th e  a c u te  c a se s  a  second  b a la n c e  p e r io d  was 
o bserved  a f t e r  an i n t e r v a l  v a ry in g  from  one to  fo u r  m onths.
Case h i s t o r i e s  a re  g iv e n  in  Appendix I I ,  th e  d e t a i l s  o f 
th e  a n a ly s e s  in  T ab le  Y, and th e  m ethods o f  a n a ly s i s  in  
Appendix I .
C o n tro l f ig u r e s  were o b ta in e d  from  th r e e  c h i ld r e n  j u s t  
b e fo re  d is m is s a l  from h o s p i t a l  a f t e r  rec o v e ry  from a c u te  i l e o ­
c o l i t i s ,  b r o n c h i t i s ,  and a c u te  rheum atism . In  a d d i t io n ,  th e  
c a lc iu m  and phosphorus b a la n c e s  were a s c e r ta in e d  in  two c a se s  
o f d ia b e te s  m e l l i t u s .  T here  a re  th e r e f o r e  a v a i la b le  th e  
f ig u r e s  o f  Z Z  b a la n ce  s tu d ie s  in  16 c h i ld r e n ,  f i f t e e n  b e in g  
th o s e  found in  e x am in a tio n  o f e le v e n  c a se s  o f n e p h r i t i s .
E xam ination  o f th e  t a b u la te d  d e t a i l s  o f th e  b a la n c e  
p e r io d s  b r in g s  t o  l i g h t  a c o n s id e ra b le  amount o f  in fo rm a tio n . 
Some o f  t h i s  h as been  d is c u s s e d  by p re v io u s  w orkers in  o th e r  
c o n d it io n s ,  bu t so f a r  a s  n e p h r i t i s  i s  concerned  m ost o f  i t  
i s  e n t i r e l y  new.
S ince  th e  m ain o b je c t  o f  th e s e  i n v e s t ig a t io n s  was to  make 
some o b s e rv a tio n s  on th e  phosphorus b a la n c e , th e  r e t e n t i o n s  o f  
GaO and P o0c w i l l  f i r s t  be c o n s id e re d . I t  h a s  been  shown
( 43^  5
by T e l f e r  t h a t  th e  b a la n c e s  o f  GaO and P2O5 i n  h e a lth y  
c h i ld r e n  a re  ap p ro x im a te ly  e q u a l . In  a  r e p o r t  o f  “th e  m in e ra l 
m etabolism ' in  c o e l ia c  d is e a s e " ,  p u b lis h e d  i n  1928, he s t a t e s  
t h a t  young h e a lth y  c h i ld r e n  on a d i e t  o f  f r e s h  cow’ s m ilk  
have ap p ro x im ate ly  eq u a l r e t e n t io n s  o f  CaO and P2O5 v a ry in g  
from /
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from 0.06 to  0*12 gms. per k ilo  of 'body weight per day.
(40)
Sherman and Hawley observed that in  ch ild ren , between 3 an -̂ 
12 years of age, on a mixed d ie t  w ith 750 cos. o f  milk d a lly , 
the average re ten tion  of CaO was 0 .01 gm. and o f PgOj 0.008 gm. 
per k ilo  per day. Phey found that when the milk allowance 
was increased, the reten tion s of CaO and PfcÔ  rose, th erefore , 
since each c h ild  o f the present se r ie s  was having considerably  
more than 750 oos. o f milk d a lly , the reten tion s might 
reasonably be expected to  show values over 0.01 gm. per k ilo  
per day.
(29)
Maorae, working in  th is  laboratory, found th at in  
convalescent children between 3 and 12 years of age on a d iet  
co n sistin g  e n t ir e ly  of milk, the reten tion s of CaO and PgO  ̂
were approximately equal and ranged between 0.016 and 0.032 gms. 
per k ilo  per day. (5*o avoid re p e titio n , h ereafter a l l  reten tion s  
w ill  be merely stated  in  gms. on the understanding th a t they  
have been ca lcu lated  in  terms of body weight for one day.) Phe 
three control subjects of t h i s  s e r ie s  showed a sim ilar sta te  
of a f fa ir s , varying between 0.037 0.087 Sns. (Pable VI).
I t  i s  o f importance, before passing on, to  emphasise that 
(42)
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♦ 12 gm ., and H o lt ,  C ourtney  and  P a le s ,  w ork ing  w ith  h e a l th y  
i n f a n t s ,  r e t e n t i o n s  a v e ra g in g  .09  gm. T hese b e in g  th e  
h ig h e s t  f i g u r e s  re c o rd e d  f o r  h e a l th y  c h i ld r e n ,  i t  m igh t be 
e x p e c te d  t h a t ,  in  p re se n c e  o f any " re te n tio n * 1 o f  c a lc iu m  o r 
p hosphorus in  th e  n e p h r i t i c  s u b je c t s  o f t h i s  s e r i e s  o f  
o b s e rv a t io n s , th e  b a la n c e s  would be a t  l e a s t  a s  g r e a t .
A g lan c e  a t  th e  r e t e n t io n  f ig u r e s  (T ab le  V) w i l l  show 
t h a t  t h i s  e x p e c ta t io n  was n o t r e a l i s e d .  The h ig h e s t  f ig u re  
o f  th e  s e r i e s  was .0 9 6 , th e  rem a in d e r b e in g  l e s s  th a n  .0 8  gm. 
The t a b l e  above f a c i l i t a t e s  com parison  o f th e s e  o b s e rv a t io n s  
w ith  th o se  o f o th e r  w orkers on th e  ca lc iu m  and phosphorus 
b a la n c e  in  c h ild h o o d .
In  th e s e  f i f t e e n  d e te rm in a tio n s  th e  b a la n c e s  v a r ie d  to  a  
marked e x te n t .  In  e le v e n  th e  CaO b a la n c e  was p o s i t i v e ,  in  
fo u r  n e g a t iv e ;  w h ile  th e  P2O5 b a la n c e  was n e g a t iv e  on th r e e  
o c c a s io n s . The re a so n  f o r  th e s e  v a r i a t i o n s  i s  n o t a t  a l l  
o b v io u s. To quo te  once more H o lt , C ourtney and P a le s ,  an  
in ta k e  o f l e s s  th a n  .09  gms. o f  CaO p e r  k i l o  p e r  day w i l l  
p roduce  e i t h e r  a  v e ry  low r e t e n t io n  or a  n e g a t iv e  b a la n c e .
The in ta k e  in  t h i s  s e r i e s  av erag ed  *14 gms. CaO and .183 gms. 
P^Oj-. I t  would th e r e f o r e  seem t h a t  th e  su p p ly  o f b o th  was 
a d e q u a te . T ha t th e  r e t e n t io n s  had no r e l a t i o n s h i p  t o  th e  
in ta k e  i s  b e s t  shown by g rap h in g  t h e i r  r e s p e c t iv e  v a lu e s  
(C h art I I ) .  I t  i s  seen  t h a t  th e  c a s e s  show ing n e g a tiv e  
b a la n ce  were a d eq u a te ly  s u p p lie d , more so i n  f a c t  th a n  in  
some o th e r  in s ta n c e s .  S im i la r ly ,  th e  h ig h e r  r e t e n t io n s  a r e  
shown to  be q u i te  unconnected  w ith  th e  r e l a t i v e  in ta k e .
H e ith e r  th e  age n o r th e  w eight o f  th e  c h i ld r e n  c o u ld  be 
c o r r e la te d  w ith  th e  b a la n c e s  o f  e i t h e r  CaO o r PgO^.
In  th e  fo u r  c a se s  in  w hich b a la n ce  p e r io d s  were observed  
on two o c c a s io n s , th e  r e t e n t io n s  d u rin g  th e  second p e r io d  were 
d im in ish ed  (T able V). In  one o f th e s e  (Case 3) second 
p e r io d  c o in c id e d  w ith  a  m ild  e x a c e rb a tio n  o f  th e  i l l n e s s ,  and 
t h e /
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t h e  d i f f e r e n c e  i n  th e  b a la n c e  f i g u r e s  m igh t w e ll  be 
a t t r i b u t e d  to  th e  s l i g h t  d e c re a se  i n  in ta k e .  In  e ac h  o f  
th e  o th e r  t h r e e  c a s e s ,  how ever, t h i s  e x p la n a t io n  i s  n o t  
f e a s i b l e ,  f o r  two re a s o n s  -  (1) th e  in ta k e  d u r in g  e ac h  p e r io d  
was p r a c t i c a l l y  i d e n t i c a l ;  (2 ) th e  d e c re a se d  r e t e n t i o n  was 
v e ry  d e f i n i t e  and o f  such m agnitude t h a t  in  two o f  th e  c h i ld r e n  
a  n e g a tiv e  b a la n ce  was found . T hese l a t t e r  f i g u r e s  were 
o b ta in e d  w h ile  th e  c h i ld r e n  w ere d e f i n i t e l y  c o n v a le s c e n t, and 
i t  may be s i g n i f i c a n t  t h a t  th e  only  o th e r  n e g a t iv e  b a la n c e s  
were found in  two o th e r  c o n v a le sc e n t c h i ld r e n .
T h is ,  on th e  fa c e  o f  i t ,  m ight be adduced a s  e v id e n ce  in  4  
fav o u r o f  a  " r e te n t io n "  o f  b o th  ca lc iu m  and p h ospho rus i n  
n e p h r i t i s ,  th e  d im in ish ed  r e t e n t i o n  d u rin g  c o n v a le sce n ce  b e in g  
p o in te d  to  a s  an in d ic a t io n  t h a t  norm al e x c r e t io n  by th e  
k idney  had been resum ed, and was h a rd  a t  work rem oving th e  
e x c e ss  accum ulated  d u r in g  th e  a c u te  s ta g e .  T h is  argum ent i s  
s c a r c e ly  a d m iss ib le  when th e  norm al r e t e n t io n s  o f  th e  p re v io u s  
p e r io d s  a r e  c o n s id e re d , and some o th e r  e x p la n a t io n  seems t o  
be demanded. An a tte m p t w i l l  be made to  answ er th e  q u e s t io n  
when th e  'e x c re tio n  i s  d e a l t  w ith .
A ttem pts to  c o r r e l a t e  th e  r e t e n t i o n  f ig u r e s  f o r  GaO and
in  each  c h i ld  w ith  th e  u r in a ry  a n a ly s i s  and a p p ro x im a te ly
contem porary  b lo o d  o b s e rv a tio n s  were o f no a v a i l  (C h a rts  I I I  & IV ).
T$e l e v e l  o f  serum calc ium  had no b e a r in g  on th e  GaO r e t e n t io n ,
n o r had th e  serum phosphorus any on th e  b a la n c e . In  t h i s ,
e n t i r e  agreem ent was shown w ith  th e  o b s e rv a t io n s  o f  Boyd,
(4 )
Gourtney and M clach lan , namely t h a t  " th e  ca lc iu m  b a la n c e  i s  
independen t o f th e  b lood  Ca c o n te n t" ,  and "ev id e n ce  o f phospha te  
r e t e n t io n  g iv en  by b lood  and b a lan ce  s tu d ie s  does n o t alw ays 
a g re e " . The g rap h s  w e ll i l l u s t r a t e  t h i s  la c k  o f  r e l a t i o n s h i p .
To s e l e c t  an o u ts ta n d in g  exam ple, Case 4 w ith  serum Ca. o f  
5*9 mgs. p e r  100 c c s .  r e ta in e d  .044  gms. GaO. Her serum P. 
was 12 . mgs. p e r  100 c c s :  P2O5 r e t e n t io n  .054  gms. T hat i s ,  
t h e /
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th e  b lo o d  f in d in g s  were m arked ly  abnorm al w h ile  th e  r e t e n t i o n  
f ig u r e s  w ere no rm al.
S im i la r ly ,  th e  l e v e l s  o f  b lood  n o n - p r o te in  n i t r o g e n  (N .P.N ) 
and c h lo r id e  (C l) c o u ld  n o t be a s s o c ia te d  w ith  th e  CaO and  P2O5 
b a la n c e s  (T ab le  V I I ) .  Nor was any c o n n e c tio n  found betw een 
th e  b a la n c e  and th e  u r in a ry  e x c r e t io n  f i g u r e s ,  i r r e s p e c t i v e  o f  
w hether th e  l a t t d r  were e x p re sse d  a s  g ro s s  e x c r e t io n  o r a s  
e x c r e t io n  p e r  k i l o  p e r  day (C h a rts  I I I  &  IV ).
I n  a l l  th e  n e p h r i t i c  s u b je c t s  th e  CaO and P2O5 e x c re te d  
by th e  u r in e  was found to  be much l e s s  th a n  in  th e  c o n tr o l  c a s e s .  
T h is  h e ld  f o r  u r in a r y  e x c r e t io n s  w he ther e x p re s s e d  i n  te rm s  o f  
p e rc e n ta g e  o f  in ta k e  o r a s  g ro s s  o u tp u t,  and w i l l  be d is c u s s e d  
in  d e t a i l  l a t e r .  The m ain p a r t  o f  th e  t o t a l  CaO and P2O5 
re c o v e re d  ap p ea red  however in  th e  f a e c e s .
The rem a in in g  p o in t shown by th e  b a la n c e  s tu d ie s  in  n e p h r i t i c  
c h i ld r e n  i s  th e  rem arkab le  e q u a l i ty  in  r e t e n t i o n  o f  CaO and 
T h is  h a s  been  d em o n stra ted  in  h e a l th y  s u b je c t s  and i n  o th e r  
p a th o lo g ic a l  c o n d it io n s .  R efe ren ce  h a s  a lre a d y  been  made t o  
th e  s u b je c t ,  T e l f e r ,  and Sherman and Hawley h av in g  n o te d  i t  in  
h e a l th y  c h i ld r e n ;  th e  fo rm er a ls o  f in d in g  i t  i n  c o e l ia c  d i s e a s e .  
N elson  observed  t h i s  approx im ate  e q u a l i ty  in  e p i l e p t i c  
c h i ld r e n  underg o in g  k e to g e n ic  d ie ta r y  t r e a tm e n t .  I t  h a s  been  
found in  c a se s  o f  r i c k e t s ,  and a p p a re n t ly  t h e r e  i s  no e x c e p tio n  
to  th e  r u le  in  n e p h r i t i s .  The b a la n ce  e x p e rim en ts  o f  Boyd 
Courtney and M cLaehlan, w h ile  n o t d e m o n s tra tin g  t h i s  i n  a l l  
c a s e s ,  do so in  s e v e ra l  in s ta n c e s ,  bu t i t  m ust be remembered 
t h a t  t h e i r  o b s e rv a tio n s  were o f s h o r t  d u ra t io n  e x te n d in g  over 
two o r  th r e e  d ays. The b a lan ce  f ig u r e s  f o r  th e  p re s e n t  s e r i e s  
o f  c a se s  show d e f i n i t e  c lo s e  r e l a t i o n s h i p .  T h is  i s  most 
e a s i l y  a p p re c ia te d  when tb e  r e s p e c t iv e  r e t e n t io n s  o f  CaO and 
P2O5 a re  graphed (C hart I I ) .  T aking  t h i s  f a c t  in to  
c o n s id e ra t io n ,  i t  i s  obvious t h a t  even i f  " r e t e n t io n  o f 
P hosphate" d id  occur in  n e p h r i t i s ,  an a p p ro x im ate ly  e q u a l 
r e t e n t io n  o f  ca lc ium  would accompany i t .
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Prom th e s e  o b s e rv a t io n s  a lo n e  th e  s u s p ic io n  w ould a r i s e  
t h a t  th e  in c re a s e d  serum  in o rg a n ic  P . and  d e c re a se d  serum  Ca. 
a re  th e  r e s u l t s  o f  an  abnorm al d i s t r i b u t i o n  in  th e  b lo o d  
r a t h e r  th a n  th o s e  o f an e r r o r  in  r e t e n t i o n .  As h a s  been  
a lre a d y  in d ic a te d  in  th e  f i r s t  s e c t io n  o f  t h i s  work, a b n o rm a li ty  
in  th e  phosphorus d i s t r i b u t i o n  in  n e p h r i t i s  does o c c u r . Thus 
b lood  and b a la n ce  s tu d ie s  a re  in  e n t i r e  ag reem en t, th e  fo rm er 
in d ic a t in g  t h a t  th e  i n t e r n a l  v a r i a t i o n s  in  P . d i s t r i b u t i o n  a re  
n o t an in d ex  o f in c re a s e d  r e t e n t io n ;  th e  l a t t e r  showing t h a t  
in c re a s e d  r e t e n t i o n  does n o t p la y  any p a r t  in  th e  phosphorus 
m etabo lism  o f  th e  n e p h r i t i c  s u b je c t .
R e c a p i tu la t in g  th e  c o n c lu s io n s  a r r iv e d  a t  so f a r ,  i t  i s  
ta k e n  a s  hav in g  been s a t i s f a c t o r i l y  shown t h a t  i n  n e p h r i t i s : -
1 . The r e t e n t i o n  o f CaO i s  a s  a  r u le  p o s i t iv e  and n o t 
abnorm ally  h ig h .
2 . The r e t e n t i o n  o f i s  a s  a  r u le  p o s i t iv e  and n o t
abno rm ally  h ig h .
3 . As in  norm al c h i ld r e n  and in  c e r t a i n  o th e r  d i s e a s e s  th e  • 
b a la n c e s  o f  CaO and P 2?5 ap p ro x im ate ly  e q u a l .
4 . T here  i s  no c o n n e c tio n  betw een th e  serum l e v e l s  o f c a lc iu m  
and in o rg a n ic  phosphorus on th e  one hand , and th e  b a lan ces  o f  
CaO and £2^5 on ^ e
5. T here i s  no r e l a t i o n s h ip  betw een th e  r e t e n t i o n  and th e  u r in a ry  
e x c r e t io n  o f  e i t h e r  CaO o r  P2O5.
6 . The m a jo r ity  o f th e  re c o v e re d  ca lc iu m  and phosphorus i s  found ^  
in  th e  f a e c e s ,  u r in a ry  e x c r e t io n  b e in g  red u ced  i n  every  c a s e .
7 . In  view  o f  Byrom and K a y 's  d e m o n s tra tio n  o f th e  a l t e r e d  
d i s t r i b u t i o n  o f  phosphorus in  th e  b lo o d , ta k e n  in  c o n ju n c tio n  
w ith  th e  b a la n ce  s tu d ie s ,  i t  i s  no lo n g e r  p e rm is s ib le  to  
e n t e r t a i n  th e  id e a  o f  a  " r e te n t io n "  o f  p h o sp h o ru s .
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I I I .
The A b so rp tio n  o f P hosphorus in  N e p h r i t i s .
H i s t o r i c a l : I n  th e  p a s t ,  a b s o rp t io n  o f in o rg a n ic  s u b s ta n c e s
h a s  been  a s s e s s e d  m ain ly  from  c o n s id e r a t io n  o f  th e  r e s u l t s  o f  
b a la n ce  e x p e r im e n ts . T h is  i s  p a r t i c u l a r l y  t r u e  w ith  r e g a rd  
to  p h ospho rus . C om para tive ly  few r e f e r e n c e s  have been  found 
t o  o b s e rv a tio n s  on b lood  phosphorus a f t e r  o r a l  a d m in is t r a t io n  
o f p h o sp h a te , and none o f  th e s e  a p p ly  to  n e p h r i t i s .
I t  seems to  have been g e n e ra l ly  assum ed t h a t  a b s o rp t io n  
o f  phosphorus i n  t h i s  d is e a s e  was no rm al, o r  a t  l e a s t  s a t i s f a c t o r y .  
How e ls e  cou ld  th e r e  have been  a  "p h o sp h a te  r e t e n t i o n  " .  ;iThe f  
m a jo r i ty  o f  th e  b a lan ce  s tu d ie s  a lr e a d y  r e p o r te d  j u s t i f y  t h i s  
a ssu m p tio n , b u t o f  th e  f i f t e e n ,  two b a la n c e s  were b a re ly  
p o s i t iv e  and o th e r  th r e e  were n e g a t iv e .  These f iv e  su g g e s te d  
t h a t  phosphorus a b s o rp t io n  sh o u ld  be in v e s t ig a te d ,  s in c e  a  
low p o s i t iv e  o r a  n e g a tiv e  b a la n c e  m ight have been  p roduced  
e q u a l ly  w e ll  by e i t h e r  poor a b s o rp t io n  o r  e x c e s s iv e  e x c r e t io n .
As h as  been  a lre a d y  rem arked, fo u r  o f  th e s e  f iv e  b a la n c e s  
in  q u e s t io n  were observed  in  c o n v a le sc e n t c h i ld r e n .  A lto g e th e r  
th e  P 205 b a la n c e s  were e s t im a te d  tw ic e  in  fo u r  c a s e s  o f 
n e p h r i t i s ,  th e  f i r s t  p e r io d  b e in g  o bserved  d u rin g  th e  more 
a c u te  s ta g e  o f i l l n e s s ,  th e  second d u rin g  c o n v a le sc e n c e . In  
ev ery  in s ta n c e  th e  r e t e n t io n  found in  th e  c o n v a le sc e n t p e r io d  
was low er th a n  p re v io u s ly , and th e  P^Otj e x c re te d  in  th e  u r in e  
had in c re a s e d .
W ills  Sanderson  and P a te rs o n , r e f e r r in g  to  c a lc iu m  e x c r e t io n  
by th e  u r in e ,  s t a t e d  t h a t  even in  p re sen c e  o f  a  n e g a t iv e  b a la n c e , 
where th e r e  i s  in c re a s e  in  th e  u r in a ry  Ca. i t  i s  f a i r  to  conclude  
t h a t  th e r e  i s  in c re a s e d  a b s o rp t io n . S ince  u r in a r y  e x c r e t io n  o f  
Ca. and P. run  more o r l e s s  p a r a l l e l ,  t h i s  d ictum  shou ld  ap p ly  
a ls o  t o  phosphorus a b s o rp t io n . T h e re fo re  i t  would seem t h a t ,  
s in c e  P .e x c r e t io n  in  th e  u r in e  had in c re a s e d  a t  th e  tim e o f  th e  
second b a la n ce  p e r io d  in  th e  fo u r  c a se s  m entioned  above, P . 
a b s o rp t io n /
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a b s o rp t io n  m ust a ls o  have im proved . T h is  im p l ie s  t h a t  th e  
a b s o rp t io n  o f  phosphorus i s  n o t up t o  norm al s ta n d a rd  d u r in g  
th e  a c u te  s ta g e s  o f n e p h r i t i s ,  b u t im proves a s  re c o v e ry  
p ro c e e d s .
I f ,  f o r  th e  moment, t h i s  i s  assum ed t o  be th e  c a se  — poor 
a b s o rp t io n  in  a c u te  n e p h r i t i s  — th e n  a  sim p le  e x p la n a t io n  o f  
th e  low ered  u r in a ry  e x c r e t io n  i s  a p p a re n t .  Poor a b s o rp t io n  w i l l  
supp ly  l i t t l e  more th a n  th e  needs o f  th e  organism  and com para­
t i v e l y  l i t t l e  e x c e ss  P . w i l l  rem ain  to  be e x c re te d .  I f  however 
a b s o rp t io n  i s  norm al, th e n  th e  o c cu rren c e  o f  d im in ish e d  r e n a l  
o u tp u t m ust be e x p la in e d  o th e rw is e . T h e re fo re , b e fo re  r e n a l  
fu n c t io n ,  in  r e s p e c t  o f  P . e x c r e t io n ,  can  be s a id  t o  be im p a ire d , 
i t  must be shown t h a t  phosphorus i s  ab so rb ed  in  a p p ro x im a te ly  
norm al f a s h io n  th e re b y  p ro v id in g  th e  k id n ey  w ith  P . t o  e x c r e te .
The key to  th e  problem  l i e s  in  th e  d e te rm in a tio n  o f  th e  
s t a t e  o f P . a b s o rp t io n  in  d i f f e r e n t  s ta g e s  o f th e  i l l n e s s ,  and 
in  t h i s  s tu d y  an  a tte m p t h a s  been  made t o  i n v e s t i g a t e  th e  
q u e s t io n  by means o f b lood c u rv e s .  As w ith  a b s o rp t io n  o f  o th e r  
su b s ta n c e s , e .g .  g lu c o s e , such  a study  does n o t g iv e  
in fo rm a tio n  r e l a t i v e  s o le ly  to  a b s o rp t io n . N a tu re  b e in g  e v e r  
on th e  a l e r t  to  c o r r e c t  any a l t e r a t i o n  in  th e  e q u il ib r iu m  o f  th e  
o rgan ism , i t  fo llo w s  t h a t  any in d u ced  in c re a s e  in  c o n c e n tr a t io n  
o f  a  component o f  th e  b lo o d  a u to m a t ic a lly  le a d s  to  in c re a s e d  
a c t i v i t y  o f  th e  r e g u la t in g  mechanism.
Any in c re a s e  in  b lood  phosphorus a f t e r  o r a l  a d m in is t r a t io n  
o f  phosphate  must be re g a rd e d  a s  an in d ic a t io n  o f  th e  a c t i v i t y   ̂
o f a b s o rp t io n . The amount o f in c re a s e  and i t s  d u ra t io n  w i l l  
depend on th e  speed  and power o f th e  r e g u la t in g  mechanism . A 
slow  in c re a s e  in  th e  b lood  curve may be th e  r e s u l t  o f  e i t h e r  
subnorm al a b s o rp t io n  o r supernorm al s e n s i t iv e n e s s  to  in c r e a s e .
The r e v e r s e ,  r a p id  and p ro longed  in c r e a s e ,  can  be e x p la in e d  a s  
w e ll by d u l l in g  o f th e  r e g u la t in g  mechanism a s  by e x t r a - a c t i v i t y  
o f th e  a b s o rp t iv e  p ro c e s s .
T he/
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The present se r ie s  o f curves has been obtained from
estim ations o f serum inorganic phosphorus at fix ed  in terv a ls
a fter  Ingestion  of WaB̂ PÔ * I t  may seem curious th at
absorption may be judged from changes induced in  t h is  small
fra ctio n  o f the blood P. while "retention11 may not* Kay 
(6)
and Byrom have shown that increase in  inorganic phosphorus 
of serum in  n ep h ritis  i s  accompanied by corresponding 
diminution in  the organic P*of the corpuscles, the to ta l  P* 
remaining p ra c tic a lly  unchanged* A fter phosphate in gestion , 
however, increase in  serum inorganic P* has a d ifferen t  
s ig n ifica n ce , and from previous evidence, to  be d eta iled  
immediately, i t  seems ju s t if ia b le  to  a ssess  phosphorus 
absorption on th is  increase.
(45)
Wigglesworth and Woodrow in  1924> while studying "the 
re la tio n  between the phosphate in  blood and urine", found th at  
in  healthy subjects an increase o f $ 5-60 per cent occurred in  
inorganic blood P. a fter  in gestion  of 25 gms. of acid or 
alkaline phosphate* The organic fraction  o f the acid -so lu b le  
P* which comprises the main part of the organic blood P ., 
remained unchanged and can accordingly be l e f t  out of 
consideration. They found that as a rule th e  "inorganic 
phosphate" was equally d istrib uted  between plasma and corpuscles, 
which means that increase in  blood inorganic P. was as a ru le  
evident in  both* When the inorganic P* of plasma was far  
above normal, i t s  concentration in  the corpuscles was lower 
but s t i l l  increased* Therefore i t  would seem that any 
increase in  blood phosphorus w il l  be shown by estim ation of 
the inorganic P* of the serum, although the reverse i s  not 
n ecessarily  correct -  that increase in  serum P* i s  in d ica tive  
of increased blood phosphorus, a sta te  of a f fa ir s  which has 
been dealt with previously*
Two methods o f in vestiga tion  have been used by previous 
workers. These were (1) prolonged adm inistration o f phosphate 
w ith/
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w ith  serum  P . e s t im a t io n s  e v e ry  few  d a y s , and  ( 2 ) o b s e rv a t io n  
o f b lo o d  c u rv e s . The fo rm er was em ployed by S a lv e se n , H a s t in g s
(3 7 )
frmfl M cIn tosh  w h ile  w orking on " th e  b lo o d  changes and c l i n i c a l  
symptoms fo llo w in g  o r a l  a d m in is t r a t io n  o f  p h o sp h a te " . They 
found t h a t ,  when c o n tin u e d  over a  lo n g  p e r io d ,  sm a ll d o se s  o f  
n e u t r a l  p h ospha te  produced  in c re a s e  i n  serum  " p h o s p h a te  and 
f a l l  in  serum  C a .: A lk a lin e  phosphate  l e d  t o  s l i g h t  in c r e a s e
in  serum "p h o sp h a te"  b u t no a l t e r a t i o n  in  C a .: w h ile  a c id
«■> *s
phospha te  induced  m arked in c r e a s e  in  th e  "p h o sp h a te"  w ith  a g a in  
no change in  th e  Ca* o f th e  b lo o d  serum .
The v a lu e  o f o b s e rv a t io n s  on b lo o d  c o n c e n tr a t io n s  a f t e r  
p ro lo n g ed  a d m in is t r a t io n  must be re g a rd e d  a s  d o u b tfu l .  As 
a lre a d y  su g g e s te d , th e  body w i l l  have become accustom ed t o  
th e  new c o n d it io n s  and have made th e  n e c e ssa ry  a d ju s tm e n t in  
m etabo lism , and in  a d d i t io n  th e  tim e  o f  w ith d raw a l o f  th e  
specim ens must be c a r e f u l ly  r e g u la te d .  B lood w ithdraw n s h o r t ly  
a f t e r  a  m ea l w i l l  show a  subnorm al l e v e l ,  and t h a t  ta k e n  a f t e r  
a  dose o f  phosphate  an in c re a s e d  v a lu e  fo r  serum  in o rg a n ic  
phospho rus. I t  i s  much b e t t e r  to  make s e r i a l  o b s e rv a t io n s  
a t  s h o r t  i n t e r v a l s .
(32)
T h is  was th e  p ro ce d u re  fo llo w ed  by Murdoch in  h e r  
in v e s t ig a t io n  o f  p h ospha te  a b s o rp t io n  in  norm al and r a c h i t i c  
c h i ld r e n .  She observed  a  v a r ia b le  in c re a s e  in  th e  in o rg a n ic  
P . o f b lood  serum a f t e r  or&l a d m in is t r a t io n  o f  HaH^PO^ gms. IV.
In  norm al s u b je c ts  th e  av e rag e  r i s e  was 2 mgs. p e r  100 c c s . ,  
and had a t t a in e d  i t s  maximum in  th e  c o u rse  o f  two h o u rs . T here  
was su b seq u en tly  a  sharp  f a l l  i n  c o n c e n tr a t io n , w hich how ever, 
had in  e v e ry  c a se  f a i l e d  to  r e s to r e  th e  f a s t in g  l e v e l  i n  4 h o u rs . 
In  r i c k e t s  th e  form  o f th e  cu rve  was found  to  v a ry  w ith  th e  
phase o f th e  d is e a s e . D uring th e  a c t iv e  s ta g e  th e  cu rv e  
o b ta in e d  was s im i la r  to  t h a t  o f  norm al s u b je c t s ,  b e in g  o f  c o u rse  
a t  a  low er l e v e l .  In  th e  h e a l in g  s ta g e  a  trem endous r i s e  
w as/
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was found, approximately three tim es th at in  the co n tro ls , 
and from t h is  Murdoch concluded th a t “in  healing r ic k e ts ,  
absorption of phosphorus may be three tim es as great as in  
health*n In support of t h is  contention , the increased  
reten tion  of P* found in  the healing stages o f r ic k e ts  was 
qhoted.
In the present enquiry, Murdoch’s procedure was adopted* 
Each ch ild  was fasted  for a minimum period o f three hours, at 
which point the fa s tin g  specimen of blood was obtained* Four 
grams of BaHgPO  ̂ d issolved  in  approximately 100 cos* o f  
water were then given, and samples of blood withdrawn at one, 
two, and four hour intervals* Estim ation of serum inorganic P. 
was carried out immediately a fter  prooural of eaoh specimen*
In a number of cases, absence o f a su itab le  vein , presence of 
much oedema, or the temperament o f the oh ild  prevented the  
observation of blood curves* During the course o f the  
in vestiga tion  both so lid s  and liq u id s  were tem porarily  
suspended*
Observations: Twenty blood phosphorus curves were obtained
from 15 nephritic ch ildren . Control curves were observed in  
nine children convalescent from other d isea ses, mainly chorea 
and rheumatism* The figu res appertaining to  these observations 
are given in  Tables VIII and X*
The control curves show a good deal o f v a r ia tio n  in  
d e ta il ,  but c lo se ly  resemble Murdoch’s normal se r ie s  in  ch ildren  
of the same age -  6 to  12 years. The fa stin g  le v e l  varied in  
d ifferen t individuals from 4*6 to  6*3 mgs* per 100 ces* , i . e .  
throughout the normal range* In a l l ,  d e f in ite  increase in  the  
serum inorganic ?* was found one hour a fte r  adm inistration of 
the phosphate. In s ix  casee (Chart VI) the maximum r is e  was 
shown at th is  tim e, in  three (Chart VII) i t  occurred at two 
hours* At 4 hours in  every instance the return to  fa stin g  
le v e l was w ell advanced, but in  none had the la t te r  been 
reached/
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re a c h e d . The in c r e a s e  v a r ie d  i n  amount a s  in  tim e  o f  
a t t a i n i n g  a  maximum, th e  ran g e  b e in g  0 .7 5  3*2 nigs* p e r
100 c c s . ,  and th e r e  d id  n o t seem t o  be any r e l a t i o n s h i p  
betw een th e  h e ig h t  o f  th e  c u rv e  and th e  f a s t i n g  l e v e l  ( f a b l e  V I I I ) .  
T hree o f th e  s u b je c t s  o f  th e s e  c o n tr o l  c u rv e s  w e re -a ls o  u se d  a s  
c o n tr o ls  f o r  th e  n e p h r i t i c  b a la n ce  e x p e rim e n ts . As w i l l  be 
seen  from th e  fo llo w in g  t a b l e ,  th e  r i s e  in  th e  cu rv e  gave no 
in d ic a t io n  o f  th e  r e t e n t i o n  found . Nor d id  i t  i n d ic a te  th e  
p e rc e n ta g e  o f  th e  in ta h e  which would be e x c re te d  by th e  u r in e ,  
ex cep t t h a t  in  th e s e  th r e e  in s ta n c e s ,  th e  s m a lle r  th e  in c r e a s e  in  
th e  b lood  curve  th e  h ig h e r  th e  p e rc e n ta g e  e x c r e t io n  by th e  u rin e*
Case Age in  
Y ears.
In c re a s e  in  
P . c u rv e .
P2O5 r e t e n t i o n %  age o f F9O5 iu taX e  
e x c re te d  In  u r in e .
C.H. 7 1*85 mg.p.M)acs . .077 gm .p.K .p D 4 8 .8
E.SLcE 6 2 .7  * .046 ” 42*7
_ J..K. 6 i - A -  _ i ___ -•0 1 7 - .......... . .H ____ _________
T h is  m ight be e x p lic a b le  on th e  a ssum ption  t h a t  th e  lo w er c u rv e s  
in d ic a te  a  more a c t iv e  r e n a l  e x c r e t io n  and occu r a s  a  d i r e c t  
consequence o f th e  l a t t e r .  Such an assu m p tio n  i s  n o t w a rra n te d  
on t h i s  sm a ll number o f o b s e rv a t io n s .
F a i lu r e  o f a l l  th e s e  c u rv e s  to  r e g a in  f a s t i n g  l e v e l  in  
fo u r  h o u rs  a ro u sed  i n t e r e s t ,  and s e v e ra l  c u rv e s  were p ro lo n g ed  
f o r  p e r io d s  v a ry in g  up to  14 h o u rs  in  an a tte m p t t o  f in d  how 
lo n g  a  tim e would e la p s e  b e fo re  f a s t i n g  l e v e l  was a g a in  r e s to r e d .  
These o b se rv a tio n s  were made in  t h r e e  conva& escent rh eu m atic  
c a s e s , one c ase  o f c a rd ia c  decom pensation , and a case  o f  
d ia b e te s  m e l l i tu s  under in s u l in  t r e a tm e n t .  The f ig u r e s  f o r  
th e s e  o b s e rv a tio n s  a re  d e ta i l e d  in  T ab le  IX. As w i l l  be 
seen  (C hart V I I I ) ,  two o f  th e  rheum atic  c a se s  had a lm o st 
re g a in e d  f a s t in g  l e v e l  i n  13 and 14 h o u rs  r e s p e c t iv e ly .  The 
t h i r d ,  f a l l i n g  a t  5 h o u rs , ro se  a g a in , and a t  10-^ h o u rs  was 
a lm ost a s  h ig h  a s  a t  any p a r t  o f  i t s  c o u rs e , w e ll above f a s t in g  
l e v e l /
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lev e l*  The cardiac case showed considerable e lev a tio n  
remaining at 7 hours, but owing to  the c l in ic a l  cond ition  
of the ch ild  the observations could not be prolonged further*
The curve o f the d iabetic subject was rapidly approaching i t s  
startin g  point at 7 hours.
(45)
Wigglesworth and Woodrow, in  work already referred  to ,  
found Increase in  the blood inorganic P ., p ers is tin g  10 hours 
a fter  a large dose (25 gms) of acid  or a lk alin e phosphate, in  
healthy adu lts. Not only did i t  p e r s is t , but having reached 
a maximum elev a tio n  in  one hour, no decrease was found in  
frequent estim ations made throughout the day.
This p ersistence of increase in  inorganic P* of blood 
or serum does not seem to  have attracted  much attention*  
Wigglesworth and Woodrow have suggested that phosphate behaves 
as a threshold substance and i s  excreted by the kidney only 
when the blood concentration exceeds a certa in , undetermined 
value. This may explain  the type o f curve found by them, 
but i t  does not a s s is t  in  the explanation of the slow, more 
or le s s  steady f a l l  extending over 10—12 hours found in  the  
control cases of the present se r ie s . Bergeim suggested that 
phosphorus was free ly  absorbed throughout the in te s t in a l tr a c t ,  
and although Wigglesworth and Woodrow found continued steady 
elevation  of blood inorganic P ., they a lso  found an accompanying 
increase in  urinary excretion , which of i t s e l f  supports Bergein's 
contention.
Even i f  th is  i s  the ease , that phosphorus i s  absorbed 
throughout a great part o f the in te s t in e , i t  i s  curious that  
the blood P. should be allowed to  remain elevated  for a period  
o f four to  twelve hours in  healthy subjects. That the 
regulating mechanism i s  able to  cope with a much larger increase 
than any induced by oral adm inistration of phosphate has been 
proved by the work of Brain and Kay who found th a t, in  healthy  
adults, intravenous in jectio n  o f O.55 gm. P. in  the form of  
sodium/
-27-
sodium  g ly c e ro p h o sp h a te  l e d  t o  a d d i t i o n a l  e x o r e t io n  i n  th e  
u r in e  o f  a t  l e a s t  d .15  gm. P . w i th in  two h o u rs . !Ehe m a jo r i ty  
o f t h e i r  s u b je c ts  e x c re te d  much more th a n  0 .1 5  gm. P* i n  t h i s  
tim e , th e re b y  show ing t h a t  on o c c a s io n  r e n a l  e x c r e t io n  can  be 
trem en d o u sly  in c re a s e d .
I t  w ould th e r e f o r e  ap p ear t h a t  th e  phosphorus—r e g u la t in g  
mechanism i s  a p a th e t i c  e x c e p t in  p re se n c e  o f  a  v e ry  m arked y 
in c re a s e  i n  b lo o d  pho sp h o ru s , even  in  norm al s u b je c t s .  
A b so rp tio n  c u rv e s  in  n e p h r i t i s :
In  f i f t e e n  n e p h r i t i c  s u b je c ts  v e ry  s im i la r  r e s u l t s  were 
o b ta in e d . f a b l e  X h as been com piled  from  th e  o b s e rv a t io n s  o f  
22 c u rv e s  in  r e n a l  d i s e a s e .  The f a s t in g  l e v e l  v a r ie d  betw een 
4 and 12. mgs. p e r  100 c c s . , n in e  b e in g  ov e r 6 mgs* In  13 
o f th e s e  cu rv es th e  maximum r i s e  o c c u rre d  a t  1 h o u r , and i n  a l l  
i t  had been reach ed  b e fo re  2 h o u rs , a s  i n  th e  c o n t r o l s  
(C h a rts  IX, X, X I) . A gain th e r e  was g r e a t  v a r i a t i o n  in  th e  
amount o f  in c re a s e  in  serum in o rg a n ic  pho sp h o ru s , th e  range  
c o rre sp o n d in g  to  t h a t  o f th e  c o n tr o l  s e r i e s ,  and a s  i n  th e  
l a t t e r ,  no r e l a t i o n s h ip  cou ld  be found betw een th e  f a s t i n g  
l e v e l  and th e  h e ig h t  o f in c re a s e  in  th e  c u rv e . f h i s  i s  w e ll 
i l l u s t r a t e d  in  Case 12 from whom th r e e  c u rv e s  a re  a v a i la b le  
f o r  s tu d y  (C hart IX ). Phe f i r s t ,  observed  d u r in g  an a c u te  
e x a c e rb a tio n  o f a  c h ro n ic  n e p h r i t i s ,  showed a f a s t i n g  l e v e l  
o f  12  mgs. and r i s e  o f  1*33 mgs. p e r  100 c c s .  Phe second , 
in  e a r ly  c o n v a le sce n ce , showed th e  f a s t in g  l e v e l  to  be 9 -2  
and th e  r i s e  0 .8  mgs. p e r  c e n t ;  w h ile  th e  t h i r d ,  some tim e  
l a t e r ,  had a  f a s t in g  l e v e l  o f  6 .1 5  &ud a  r i s e  o f 1 .1  mgs p e r  
cen t •
Nor co u ld  th e  P . c u rv e s  be c o r r e l a t e d  w ith  th e  c l i n i c a l  
c o n d it io n . Case 1 2 , on each  o f th e  th r e e  o c c a s io n s  when c u rv e s  
were c a r r ie d  o u t, showed th e  same ty p e  o f  c u rv e . The maximum 
r i s e  was a t t a in e d  in  1 hour and rem ained stead y  a t  4 h o u rs . 
Improvement in  h i s  r e n a l  fu n c t io n ,  which had undoub ted ly  ta k e n  
p la c e /
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p la c e ,  was n o t accom panied by more r a p id  f a l l  i n  th e  b lo o d  
P . c u rv e , and s in c e  Wigglesworth. and Woodrow found  t h i s  ty p e  
o f c u rv e  in  h e a l th y  a d u l t s ,  a lthough , a f t e r  a  much l a r g e r  dose 
o f p h o sp h a te , i t  can h a rd ly  be l a b e l l e d  "abno rm al” .
S im i la r ly  p re se n c e  o f  oedema was a p p a re n t ly  o f  no 
s ig n i f ic a n c e  so f a r  a s  th e  P . cu rve  was c o n ce rn ed . Oase 4 
showed a  s im i la r  cu rve  to  t h a t  found in  Case 12 and J .D . ,  who 
had no oedema. L .B . and  Case 9 w ith  g r e a t  oedema showed 
very  s im i la r  c u rv e s  w hich d i f f e r e d  from  th e  above i n  t h a t  
th e r e  was a  f a l l  a t  2 h o u rs , w ith  su b seq u en t in c r e a s e .  E .M ., 
a g a in  w ith  much oedema, showed a t h i r d  ty p e  o f cu rve  a t t a i n i n g  
a  maximum a t  2 h o u rs  and f a l l i n g  t o  a lm o st f a s t i n g  l e v e l  a t  
4 h o u rs .
On th e  w hole, th e  n e p h r i t i c  c u rv e s  compared very  fa v o u ra b ly  
w ith  norm al c u rv e s  from th e  p o in t  o f  view  o f a b s o rp t io n ,  even 
when th e  serum  in o rg a n ic  P . was in  th e  ne ighbourhood  o f  12 mgs. 
p e r  100 c c s . ,  a  s t a t e  o f  a f f a i r s  g e n e ra l ly  re g a rd e d  a s  in d ic a t iv e  
of d e a th  w ith in  a  few w eeks. Com parison i s  f a c i l i t a t e d  i f  th e  
f ig u r e s  a re  t a b u la te d .  I t  w i l l  be seen  t h a t  th e  av erag e  f a s t i n g





Average Serum In o rg .P . in  
mgs. %
P a s t . l e v e l  H ig h .le v e l  I n c r .
Lowest
in c re a s e
H ig h e s t
in c r e a s e
Sfurdoch’ s
n o rm als . 3 5-3 7*1 1 .8 1 .6 2 .2
C o n tro l
s u b je c ts . 9 3-25 7 .0 5 1 .8 0 .7 5 5-2
N e p h r it ic
s u b je c ts . 22 6 .2 2 7 .5 8 1 .3 6 0 .6 5 3*43
P a s t ,  l e v e l  = P a s t in g  l e v e l .  
H igh, l e v e l  = H ig h est l e v e l .  
I n c r .  = I n c re a s e .
l e v e l ,  h ig h e s t  l e v e l  a t t a in e d ,  and in c re a s e  in  th e  c o n tr o l  
s u b je c ts  o f th e  p re s e n t  s e r i e s  o f  o b s e rv a tio n s  a re  i n  a b s o lu te  
agreem ent w ith  M urdoch1 s norm al c u rv e s . In  th e  n e p h r i t i c  
s u b je c ts  th e  f a s t in g  l e v e l s  when av erag ed  a re  h ig h e r ,  a s  a re  
t h e /
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th e  maximum e le v a t io n s ;  "but th e  in c r e a s e  i s  n o t q u i te  so 
good, b e in g  abou t 25j£ lo w e r. The ra n g e , how ever, i s  v e ry  
s im i la r  in  th e  c o n t r o l  and n e p h r i t i c  o a se s  o f  t h i s  s e r ie s *
W ith re g a rd  to  th e  low ered  PjjO^ b a la n c e s  o b se rv ed  in  
th e  fo u r  r e p e a te d  b a la n c e  s tu d i e s ,  th e  a b s o rp t io n ,  a s  fudged by 
th e  c u rv e s  canno t be h e ld  r e s p o n s ib le  ( f a b le  X I) . Gase 3 
showed on e ac h  o c c a s io n  an  in c re a s e  i n  serum  P* o f  2 and  2*29mgs. 
p e r  c e n t :  Case 8 2 .05  and 2 .65 mgs. p e r  c e n t :  and Case 9 1*3  
and 1*7 mgs* p e r  c e n t .  In  th e  o th e r  case  (5 ) i t  was n o t 
p o s s ib le  to  d e te rm in e  th e  e a r l i e r  P . c u rv e , b u t t h a t  c o r r e s ­
ponding  to  th e  second  b a lan ce  p e r io d  showed an in c r e a s e  o f  
1 .7  mgs p e r  c e n t .
Comparison w ith  th e  P ^  b a la n c e  f ig u r e s  and th e  p e rc e n ta g e s  
o f in ta k e  e x c re te d  by th e  u r in e  shows t h a t  th e r e  i s  no c o r r e l a t i o n  
betw een th e s e  and th e  r i s e  in  phosphorus curve ( f a b l e  X I ) .  Of 
th e  s e r i e s  in  w hich b o th  b lo o d  c u rv e s  and b a la n c e  s tu d ie s  were 
c a r r i e d  o u t, Case 8 showed th e  h ig h e s t  r i s e  in  th e  cu rve  -  2 .6 5  mgs. 
i .e *  w e ll above th e  av erag e  norm al r i s e  o f  1 .8  mgs. p e r  cen t — 
w h ile  showing a m inim al r e t e n t i o n  o f  P j?^*  ^  e v id e n t t h a t
th e  in v e r s e  r e la t io n s h ip  shown by th e  th r e e  c o n tr o l  c u rv e s , and 
a lre a d y  r e f e r r e d  t o ,  does n o t h o ld  in  n e p h r i t i s ,  even  a s  i t  
may n o t be t r u e  f o r  a  l a r g e r  s e r i e s  o f  n o m a l  s u b je c t s .
I f  th e n , th e  in fo rm a tio n  o b ta in e d  from th e s e  b lo o d  phosphorus 
c u rv e s  i s  b r i e f l y  sum m arised, i t  a p p e a rs  t h a t : —
In  th e  c o n tro l  c u rv e s :
1 . The in c re a s e  i n  serum in o rg a n ic  P . a f t e r  in g e s t io n  o f  NaHgPO^ 
gms. IV, re a c h e s  i t s  maximum w ith in  2 h o u rs , and t h e r e a f t e r  
slo w ly  f a l l s .
2. The amount o f in c re a s e  h as no r e l a t i o n  to  th e  f a s t i n g  l e v e l  
and a v e rag es  1 .8  mgs. p e r  100 c c s . ,  w ith  a  range o f  0*75 "to 
3* 2 mgs.
3* The in c re a s e  does n o t g iv e  any in d ic a t io n  o f th e  r e t e n t i o n  o f 
P20p., o r o f  th e  p e rc en ta g e  o f  in ta k e  o f  P^O ^appearing in  th e  
u r in e .
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I n  n e p h r i t i c  s u b j e c t s :
1 . The in c re a s e  in  th e  phosphorus cu rv e  a l s o  a t t a i n s  i t s  
maximum w ith in  Z  h o u rs , h u t shows more v a r i a t i o n  i n  r a t e  
o f f a l l .
Z * The amount o f  in c re a s e  h as  no r e l a t i o n s h ip  t o  th e  f a s t i n g  
l e v e l ,  and w h ile  show ing a lo w er av e rag e  o f  I .3 2 . m g s., s t i l l  
shows th e  same range o f  O.65 t o  3*43 mgs.
3 . h e i t f r e r  th e  s e v e r i ty  o f th e  i l l n e s s ,  a s  judged  o l i n i c a l l y ,  
n o r th e  p re se n c e  o f  any p a r t i c u l a r  m a n i f e s ta t io n  o f  n e p h r i t i s  
h a s  a  c o n s ta n t  e f f e c t  on e i t h e r  th e  h e ig h t  o r g e n e ra l  form  
o f  th e  P . c u rv e .
4 * T here  i s  no c o r r e l a t i o n  betw een th e  b lo o d  phospho rus curve  
and e i t h e r  th e  r e t e n t io n  o f  P^O^ o r "kk® p e rc e n ta g e  o f  in ta k e  
e x c re te d  by th e  u r in e .
T h e re fo re , i t  i s  d i f f i c u l t  to  see  how any c o n c lu s io n  can  
be a r r iv e d  a t  o th e r  th a n  t h i s ,  t h a t  in  so f a r  a s  can  be judged  
by b lood  c u rv e s , th e  a b s o rp t io n  o f  phosphorus in  n e p h r i t i s  i s  
s a t i s f a c t o r y  and com pares fa v o u ra b ly  w ith  t h a t  i n  norm al 
c h i ld r e n .
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IV.
I A b so rp tio n  o f  C alcium .
I'
I
I H i s t o r i c a l : he b a la n c e  i n v e s t i g a t io n s  o f  t h i s  s tu d y  showed
I  low u r in a r y  e x c r e t io n  o f  c a lc iu m . T h is  h a s  b een  o b se rv ed  on
|  m&ny p re v io u s  o c c a s io n s , and r e f e r e n c e s  t o  i t s  o c c u rre n c e  a re
■l;
f a i r l y  f re q u e n t th ro u g h o u t tbe. l i t e r a t u r e  on n e p h r i t i s .  The 
d e c re a se  h a s  been  a t t r i b u t e d  to  im pairm ent o f  r e n a l  f u n c t io n  
o c c u rr in g  a s  a  m a n if e s ta t io n  o f  th e  p re se n c e  o f  d is e a s e d  
k id n e y s , w ith o u t, a s  in  th e  e ase  o f  p h o sp h o ru s , any a cc u m u la tio n  
in  th e  b lo o d . Boyd, Gourtney and M cLachlan co n c lu d ed , from  
t h e i r  b a la n ce  s tu d ie s  on n e p h r i t i c  c h i ld r e n ,  t h a t  th e  n e p h r i t i c  
k idney  was in c a p a b le  o f e x c r e t in g  c a lc iu m  in  norm al f a s h io n ,
M-
in d ic a t in g  a s  e v id en ce  o f  t h i s  th e  low ered  u r in a r y  c o n te n t ,  
and th e  abnorm ally  sm a ll amount o f ca lc iu m  p e r  100 c o s . o f  
u r in e .
A gain, b e fo re  d im in ish ed  e x c r e t io n  can be made r e s p o n s ib le  . 
f o r  th e  low ered  u r in a r y  c a lc iu m , i t  must be shown t h a t  a b s o rp t io n  
i s  co m p ara tiv e ly  norm al, and t h i s  a s p e c t  o f  Ga. m etabo lism  in  
n e p h r i t i s  h a s , so f a r  a s  can  be a s c e r ta in e d  from th e  l i t e r a t u r e ,  
re c e iv e d  b u t sc a n t a t t e n t i o n .  An a tte m p t h as  been  made, in  
th e  co u rse  o f  t h i s  in v e s t ig a t io n ,  to  remedy th e  d e f e c t ;  b u t 
b e fo re  d is c u s s in g  th e  r e s u l t s ,  a  b r i e f  summary o f  th e  work done 
by o th e r s  on t h i s  s u b je c t  w ould be a d v is a b le .
In  s tu d y in g  th e  e f f e c t  o f  in g e s te d  s a l t s ,  on th e  b lo o d  C a ., 
two m ethods have been em ployed. The e a r l i e r  r e s u l t s ,  from 
: p ro longed  a d m in is t r a t io n  o f  Ga. s a l t s ,  were ex trem ely  c o n t r a ­
d ic to ry  and in c o n c lu s iv e ;  b u t more r e c e n t  o b s e rv a t io n s , i n  whibh 
a s e r i e s  o f  e s t im a t io n s  was c% rried  ou t a t  i n t e r v a l s  a f t e r  a  
s in g le  dose , have shown much l e s s  v a r ia n c e .
The s t r i k in g  f e a tu r e  o f th e  e a r l i e r  r e p o r t s  on a b s o rp t io n  
o f caELeium i s  th e  s t r e s s  l a i d  on th e  d i f f e r e n c e  in  a v a i l a b i l i t y  
o f  d i f f e r e n t  p r e p a r a t io n s  o f Ca. and i t  t h e r e f o r e  seems 
n e c e ssa ry  to  g iv e  some a t t e n t i o n  to  t h i s  m a t te r .  S te e n b o d  
H a r t /
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(4D
H a r t,  S e l l  and Jo n es i n  1923 d e c id e d  t h a t ,  so f a r  a s  ooul&
be judged  from, r a t s ,  no d i f f e r e n c e  i n  a v a i l a b i l i t y  e x i s t e d
betw een c a lc iu m  l a c t a t e ,  c a rb o n a te , p h o sp h a te , s i l i c a t e  o r
s u lp h a te  so lo n g  a s  a  s u f f i c i e n t  q u a n ti ty  was s u p p l ie d .
( 20 )
Jam fen in  1924  found t h a t  Ca. l a c t a t e  had no e f f e c t  on th e
b lood  c a lc iu m , when g iv e n  o r a l l y ,  b u t found in c r e a s e  w ith
calc ium  c h lo r id e  and b ic a rb o n a te ,  th e  e f f e c t  o f  th e  l a t t e r
( 16)
b e in g  much more m arked. H jo r t  in  1925» f̂a-s o f  o p in io n  t h a t  
th e  more so lu b le  s a l t s ,  th e  l a c t a t e ,  c h lo r id e ,  and g ly c e ro ­
p h ospha te  had a  much more c o n s ta n t  e f f e c t  i n  r a i s i n g  th e  b lood  
Ca. l e v e l  th a n  th e  l e s s  s o lu b le  s a l t s  such  a s  th e  c a rb o n a te .
I f  th e  a v a i l a b i l i t y  o f th e  ca lc iu m  depends on th e  
s o l u b i l i t y  o f  th e  s a l t  e x h ib i te d ,  th e n  g a s t r i c  a c i d i t y  m ight 
be supposed to  p lay  some p a r t  i n  a b s o rp t io n , s in c e  w ith  h ig h e r
a c id i ty  a  l a r g e r  amount o f  th e  Ca. would be i n  s o lu t io n .  W il ls ,
(47)
S anderson , and P a te rs o n  r e p o r te d  some work on t h i s  s u b je c t  i n  
1925 . They concluded  t h a t  g a s t r i c  a c id i ty  d id  n o t seem t o  be 
a  l im i t i n g  f a c to r  in  th e  supp ly  o f c a lc iu m  to  th e  body. T h is  
o p in io n  was b ased  on th e  f ig u r e s  o b ta in e d  from b a la n c e  e x p e rim e n ts , 
no o b s e rv a t io n s  on b lo o d  v a lu e s  b e in g  r e p o r te d .  Four y e a r s  
e a r l i e r ,  in  1921 , Masori’iiad  a lre a d y  n o te d  t h a t  s o lu t io n  o f  
ca lc ium  in  weak HGl d id  n o t a f f e c t  th e  r a t e  o f a b s o rp t io n .  He 
a ls o  in d ic a te d  t h a t  Ga. l a c t a t e  p roduced  l e s s  e f f e c t  on th e  
plasm a Ca. th a n  d id  CaClg, and c o n se q u e n tly  i n f e r r e d  t h a t  th e  
l a t t e r  was b e t t e r  ab so rb ed .
S ince  d i f f e r e n t  o b se rv e rs  have fav o u red  d i f f e r e n t  s a l t s ,  
i t  would ap p ear t h a t  th e r e  can  be no marked d i f f e r e n c e  in  t h e i r  
a v a i l a b i l i t y .  The more r e c e n t  w orkers have shown t h a t  ca lc iu m  
l a c t a t e  i s  an ad eq u a te  so u rce  o f  supply  f o r  a b s o rp t io n  s tu d ie s ,  
and i t  was a c c o rd in g ly  s e le c te d  a s  th e  p r e p a r a t io n  o f  ch o ic e  
in  th e  p re s e n t  work. An a d d i t io n a l  p o in t  i n  i t s  fa v o u r  i s  
th e  f a c t  t h a t  no change in  th e  pH o f th e  b lo o d , such  a s  o ccu rs  
w ith  CaClg, fo llo w s  i t s  a d m in is t r a t io n .
A s/
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As h a s  been  a l r e a d y  m en tio n ed , i t  was n o t u n t i l  q u i te  
r e c e n t ly  t h a t  g e n e ra l  r e c o g n i t io n  was g iv e n  t o  in c r e a s e  i n  
b lood  Ga. a f t e r  in g e s t io n  o f  ca lc iu m  s a l t s .  She e a r l i e r  
w orkers r e l i e d  mainly, on p ro lo n g ed  a d m in is t r a t io n  t o  e f f e c t  
an a l t e r a t i o n  in  th e  b lo o d  l e v e l .  B ergeim  i n  1917 n o t ic e d  
t h a t  in  s e v e ra l  c a s e s  o f  u raem ia , w ith  a s s o c ia te d  low  serum  
ca lc iu m , a d m in is t r a t io n  o f G a . la c ta te  l e d  to  c l i n i c a l  im prove­
ment w ith  c o in c id e n t  in c re a s e  in  serum  Ca. S h a t th e  l a t t e r  
can  be a t t r i b u t e d  to  a b s o rp t io n  o f  th e  c a lc iu m  l a c t a t e  i s  o f  
d o u rse  open to  q u e s t io n , s in c e  i t  would in  any c a se  accompany 
c l i n i c a l  improvement w ith o u t th e  a id  o f  an e x t r a  su p p ly  o f  
ca lc iu m  by m outh.
(3 )
In  1921 , F rench  w o rk ers , w h ile  s tu d y in g  th e  a c t io n  o f  
ca lc ium  a s  a  re p u te d  d i u r e t i c  d e c id ed  t h a t  th e  b e n e f i c i a l  
e f f e c t s  o f  CaClg a d m in is t r a t io n  were p roduced  by th e  C l, th e  
Ga. and i t s  w a te r b e in g  th row n o f f .  G iv ing  la r g e  d o ses  • ^  
(8 -12  gms) o f  th e  s a l t  to  h e a lth y  s u b je c t s ,  on an  o th e rw ise  
s a l t - f r e e  d i e t ,  th e y  observed  g r e a t  p h y s ic a l  and m en ta l 
d e p re s s io n . These symptoms may be a t t r i b u t e d  e i t h e r  t o  
e x c e ss iv e  in c re a s e  i n  b lood  Ga. or to  th e  a c id o s i s  in d u ced  
by th e  a c id  a b s o rp t io n . As in  B ergeim fs  o b s e rv a t io n s ,  r e p o r te d  
above, e s t im a t io n s  o f b lo o d  Ga. were e i t h e r  n o t c a r r i e d  o u t ,  or 
n o t ta k e n  a t  d e f i n i t e  i n t e r v a l s ,  and th e  t o r p i d i t y  o f  th e  
s u b je c ts  was c r e d i te d  t o  th e  a c id o s i s ;  th e  c o n c lu s io n  b e in g  
t h a t  th e  ca lc iu m  was th row n o f f ,  presum ably in  th e  i n t e s t i n e ,
and th e r e f o r e  n o t ab so rb ed .
( 28 )
S im ila r ly ,  L e ic h e r  i n  1923 a f t e r  weeks o f  a d m in is t r a t io n
of v a r io u s  Ca. s a l t s ,  f a i l e d  to  o b ta in  any in c re a s e  i n  serum
(35 )
Ga. In  th e  fo llo w in g  y e a r  Eockwood and B u r r ie r  had  p a r a l l e l  
f in d in g s  in  n e p h r i t i c  s u b je c t s .  They co u ld  n o t e le v a te  th e  
serum calc ium  by g iv in g  la rg e  d o ses o f e i t h e r  th e  l a c t a t e  or 
c h lo r id e  o f  ca lc iu m .
A bout/
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About th e  same t im e , S a lv e  se n , H a s t in g s ,  and M cIntosL , 
w orking w ith  dogs, found  t h a t  a f t e r  in g e s t io n  o f OaCl^ 
q u a n t i t i e s  s u f f i c i e n t  t o  p roduce  a se v e re  uncom pensated  a c id o s i s ,  
th e  sym ptom atology c o u ld  he e x p la in e d  by a b s o rp t io n  o f  C lg 
w ith o u t th e  Ga. They f a i l e d  to  f in d  in c re a s e  in  th e  b lo o d  
ca lc iu m , b u t s in c e  ex am in a tio n  o f  t h e i r  f ig u r e s  shows t h a t  
in  one dog when e s t im a t io n  was c a r r i e d  o u t l j-  h o u rs  a f t e r  a 
dose o f  c a lc iu m  c h lo r id e ,  an in c re a s e d  b lo o d  v a lu e  was o b se rv ed , 
i t  seems p ro b a b le  t h a t  t h e i r  f a i l u r e  was due to  th e  tim e  o f  
w ithd raw al o f  th e  b lo o d  specim ens. In  two c a s e s  o f n e p h r i t i s ,  
in  human s u b je c t s ,  th e y  ob serv ed  no in c re a s e  in  th e  low b lo o d  
Ga. subsequen t t o  a d m in is t r a t io n  o f  ca lc iu m  l a c t a t e  o r a l l y .
As was in d ic a te d  in  th e  s e c t io n  on phosphorus a b s o rp t io n ,
th e s e  p ro lo n g ed  ex p e rim e n ts  a re  u n s a t i s f a c to r y  owing t o  th e
ten d en cy  o f th e  b lo o d  to  r e s to r e  th e  e q u il ib r iu m  o f i t s
c o n s t i tu e n t s  a s  soon a s  p o s s ib le .  In fo rm a tio n  o b ta in e d  from
s e r i a l  o b s e rv a tio n s  a t  r e l a t i v e l y  s h o r t  i n t e r v a l s  a f t e r  in g e s t io n
o f a  s in g le  dose o f one o r o th e r  o f  th e  ca lc iu m  s a l t s  i s  much
more c o n s ta n t  and r e l i a b l e .  T h is  method o f  i n v e s t i g a t i o n  was
employed by Mason in  1921 . W ith a s in g le  la r g e  dose o f  ca lc iu m
l a c t a t e  (5 gm s), he found very  s l i g h t  in c re a s e  in  p lasm a
calc ium  v a lu e s ,  bu t w ith  CaCl^ th e  e f f e c t  was more c o n s ta n t
and th e  r i s e  g r e a t e r .  He th e r e f o r e  concluded  t h a t  CaGlo was
( 20 ) * 
abso rbed  to  a  g r e a te r  e x p e n t. Ja n se n , i n  1923, found tem porary
in c re a s e  i n  b lood  Ga. a f t e r  la rg e  doses o f  ca lc iu m  b ic a rb o n a te
and c h lo r id e ,  th e  r i s e  b e in g  g r e a t e r  w ith  th e  fo rm er s a l t .
In  192.5* th e  f i r s t  r e a l l y  s a t i s f a c to r y  work was done by
(16)
H jo r t .  S tudy ing  th e  e f f e c t  o f  in g e s te d  Ca. s a l t s  on th e  
b lood ca lc iu m  o f dogs, he  found t h a t  th e  more s o lu b le  s a l t s ,  
when g iv e n  in  amounts c o n ta in in g  O.2727 gms. GaO p e r  k i l o  o f  
body w e ig h t, were abso rbed  r a p id ly  enough t o  in c re a s e  th e  serum 
G a., w hereas th e  more in s o lu b le  s a l t s  were in c o n s ta n t  in  e f f e c t .
T h is /
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This work was oonfim ed sad. applied to  human su b jects  in  , ,
( 22; ( 2)
th e  fo llo w in g  y e a r  by Kahn and Hoe, and l a t e r  by B auer and R opes. 
£he fo rm er found t h a t ,  su b seq u en t t o  a d m in is t r a t io n  o f  c a lc iu m  
s a l t s  o r a l l y ,  e le v a t io n  o f  th e  b lo o d  Oa. was p ro d u ced . W ith 
20 gm. d o ses  th e  av erag e  in c re a s e  was 8lj£, re a c h in g  a  m&ximum 
in  4-5  h o u rs , and be in g  m a in ta in e d  fo »  a  p e r io d  o f 4 h o u rs .
W ith 5 gno- d o se s , th e  in c re a s e  av erag ed  8 0 a t t a i n e d  i t s  
h ig h e s t  l e v e l  i n  6- 7̂ h o u rs , and was s u s ta in e d  f o r  l i  h o u rs , 
fh e y  p o in te d  out t h a t  th e s e  o b s e rv a t io n s  were in  d isag reem en t 
w ith  th e  f in d in g s  o f many, t h a t  th e  serum  Oa. co u ld  n o t be
r a i s e d  by o r a l  a d m in is t r a t io n  o f  c a lc iu m .
( 2 )
B auer and Ropes con firm ed  th e  g e n e ra l  f in d in g s  o f  Kahn
and Roe, b u t d i f f e r e d  c o n s id e ra b ly  i n  d e t a i l .  fh e y , a l s o ,
found t h a t  in  human s u b je c t s  in g e s t io n  o f G a . l a c ta te  in d u ced
an e le v a t io n  o f  serum G a., 5 S31* d o ses  p ro d u c in g  a  maximum
in c re a s e  of 14$ in  1—4h h o u rs . l a r g e r  d o ses were found t o  g iv e
more pronounced r i s e ,  10 gms. b e in g  fo llo w ed  by a  maximum
in c re a s e  o f  z d fa  in  1—5 h o u rs . I r r e s p e c t iv e  o f th e  s iz e  o f  th e
dose , th ey  found t h a t  some e le v a t io n  o f serum  Oa. p e r s i s t e d  f o r
a p e rio d  o f about tw e lv e  h o u rs .
(25)
In  19217 Kahn and Roe p u b lish e d  some f u r t h e r  work: w hich 
ag reed  more c lo s e ly  w ith  th e  o b s e rv a tio n s  o f B auer and R opes.
£hey came to  th e  c o n c lu s io n  t h a t  5 ©&s. o f Ca. l a c t a t e  was th e  
optimum dose fo r  in v e s t ig a t io n s  o f t h i s  h in d , o r in d eed  f o r  
th e r a p e u t ic  p u rp o se s . S ince Bauer and Hopes had a llo w ed  th e  
s u b je c ts  o f  t h e i r  o b se rv a tio n s  to  have a  l i g h t  m eal s ix  h o u rs  
a f t e r  th e  dose o f  ca lc iu m , an i n v e s t i g a t io n  was made o f  th e  
e f f e c t  o f food on th e  b lood  ca lc iu m  cu rv e , and i t  t r a n s p i r e d  ' 
t h a t  when v a r io u s  f o o d s tu f f s  were g iv en  w ith  th e  oa lc ium , th e r e  
was marked d e p re s s io n  o f  th e  r a t e  o f a b s o rp t io n .
I t  a p p e a rs , th e r e f o r e ,  t h a t  a b s o rp t io n  o f  ca lc iu m , in  th e  
form o f  th e  l a c t a t e  a t  a n y ra te ,  d e f i n i t e l y  does o ccu r in  h e a lth y  -  
human/
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human s u b je c ts ;  a lth o u g h  th e  b e h a v io u r  o f  th e  serum  Ga* a f t e r  
o r a l  a d m in is t r a t io n  o f  th e  su b s ta n c e  h a s  n o t  been  shown to  be 
a t  a l l  c o n s i s t e n t .  Thus th e  maximum r i s e  h a s  been  r e p o r te d  
a s  v a ry in g  betw een 14  and 8l % ,  and i t s  tim e  o f o c c u rre n c e  
a n y th in g  from  1 t o  7 h o u rs . A c c o rd in g ly , b e fo re  th e  a b s o rp t io n  
o f Ca. i n  n e p h r i t i s  co u ld  be a s s e s s e d ,  i t  was n e c e s s a ry  to  
o b ta in  some c o n tr o l  c u rv e s  f o r  com parison  b o th  w ith  th o s e  o f 
p re v io u s  w orkers and w ith  th o s e  found in  n e p h r i t i s .
The p ro ced u re  i n  a l l  c a s e s  was a s  fo l lo w s . Each s u b je c t  
was f a s te d  f o r  th r e e  h o u rs  p r i o r  to  w ith d raw a l o f th e  f a s t i n g  
specim en o f  b lo o d . Four gram s o f  ca lc iu m  l a c t a t e  i n  a p p ro x i­
m a te ly  100 c c s . o f  w a te r  was th e n  a d m in is te re d , and su b seq u en t 
o b s e rv a tio n s  were made on th e  serum Ca. a t  i n t e r v a l s  o f  2 , 4 » 
and 6 h o u rs . Ho food o r w a te r was a llo w ed  d u r in g  t h i s  p e r io d ,  
s in c e  Iiahn and Koe. ob serv ed  t h a t  food d e c re a se d  th e  r a t e  o f  
a b s o rp t io n , and H jo r t  found t h a t  a d m in is t r a t io n  o f  150-600 c c s .  
o f  w a te r  p roduced  a  d e c re a se  o f  1 mg. in  th e  serum  C a ., th e  
d e c re a se  p e r s i s t i n g  f o r  a b o u t f iv e  h o u rs .
The seven  c o n tro l  c u rv e s  (T ab le  X II and C h art X II)  show 
g r e a t  s i m i l a r i t y .  In  f iv e  th e  maximum e le v a t io n  o c c u rre d  a t  
2 h o u rs , in  th e  rem ain in g  two th e r e  was a f u r t h e r  s l i g h t  in c re a s e  
a t  4 h o u rs . In  a l l ,  th e  r e tu r n  to  f a s t i n g  l e v e l  had  been  w e ll  
advanced by th e  end o f  6 h o u rs . Hone o f  th e s e  c u rv e s  showed 
a f i n a l  re a d in g  w hich was below  th e  o r ig in a l  l e v e l .
In  n e p h r i t ic  s u b je c ts  28 c u rv e s  were o b se rv ed  in  16
c h i ld r e n .  These showed numerous v a r i a t i o n s  from  th e  norm al
and from one a n o th e r  (T able X I I I ) .  I n  22 c u rv e s  th e  in c re a s e
2-4  h o u rs  a f t e r  th e  dose o f l a c t a t e  compared fa v o u ra b ly  w ith
t h a t  in  th e  c o n t r o l s ,  w h ile  i n  fo u r  o f th e s e  22 i t  exceeded
any r i s e  shown in  th e  l a t t e r  s e r i e s .  In  th e  rem a in in g  s ix
cu rv e s  th e  in c re a s e  was l e s s  th a n  t h a t  shown in  fo u r  h o u rs  by
th e  lo w e st o f th e  c o n tro l  s e r i e s .  In  a l l  th e  n e p h r i t i c  c u rv e s
th e r e  was some ev idence  o f a b s o rp t io n . A d m itted ly  s e v e r a l  o f
th e  s ix  low cu rv es  showed in c r e a s e s  which were w e ll w i th in  
experim ent a l [
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exp e riraen t& l e r r o r  (0*5 m gs.j£), b u t i f  th e  norm al e le v a t io n  
ox serum  oa lc ium  be ta k e n  a t  e i t h e r  B auer and H opes1 f ig u r e  
o f  14$ maximum, o r a t  th e  a v e rag e  o f  1 0 .0 4 ^  shown by th e  
c o n t r o l  c u rv e s  o f  th e  p re s e n t  i n v e s t i g a t io n ,  i t  i s  a p p a re n t t h a t  
th e  in c r e a s e  t o  be e x p ec te d  (0 .3 7  i s  o n ly  a  l i t t l e  more
th a n  th e  e x p e r im e n ta l e r r o r  f o r  th e  m ethod o f  G a .e s t im a tio n . 
S ince  on ly  sm a ll q u a n t i t i e s  o f b lo o d  c o u ld  be w ithdraw n on 
each  o c c a s io n , d u p l ic a te  a n a ly s i s  was n o t alw ays p o s s ib le ,  b u t 
where c a r r i e d  o u t ,  showed t h a t  th e  s in g le  e s t im a t io n s  were 
f a i r l y  r e l i a b l e .
I t  seem s, t h e r e f o r e ,  t h a t  a s  i n  norm al s u b je c t s ,  so in  
c h i ld r e n  s u f f e r in g  from n e p h r i t i s ,  a d m in is t r a t io n  o f  a  s in g le  
dose o f ca lc ium  l a c t a t e  o r a l l y  le a d s  to  e le v a t io n  o f  th e  serum  
ca lc iu m . As h as been  a lre a d y  in d ic a te d ,  in  th e  l a r g e  m a jo r i ty  
o f  th e  n e p h r i t i c  c u rv e s  th e  e le v a t io n  co rre sp o n d ed  t o  t h a t  in  
th e  c o n tro l  s e r i e s ,  b u t much w id er v a r i a t i o n  in  th e  in c r e a s e  
was noted* T h i s  becomes more obv ious i f  th e  c o n tr o l  and 
n e p h r i t ic  f ig u r e s  a re  c o n tr a s te d ,  a s  in  th e  t a b l e  below , in  
which th e  average  f ig u r e s  f o r  th e  two g roups a re  p re s e n te d .
Pype o f 
S u b jec t
Serum Calcium in mgs* p e r  1 
H igh-L evel 
in  4 h r s
00 c c s .  
A verage 





i n c r .
H igh.
i n c r .
7o. o f 
Curves
Average 
f a s t .L e v e l
C on tro l
S e r ie s I 9*66 10.68 0 . 97- - 1 0 .0 4 0*49 1 .4 5
N ephrita  
S e r ie s  7c ... 8 ,9 8  _ a - s i . J t s S L . .. - 1 0 .8 0 .2 5 2.87
fa s t* L e v e l  = P a s t in g  L e v e l.
H ig h .L ev e l = H ig h est l e v e l .
Low* i n c r .  = Lowest in c r e a s e .
H ig h .in c r .  = H ig h est in c r e a s e .
S ince none o f  th e  c o n tro l  c u rv e s  showed in c re a s e  p e r s i s t i n g
a f t e r  4 h o u rs , t h i s  h as been ad o p ted  a s  th e  maximum tim e  d u rin g
which com parisons o f  a b s o rp tio n  may be drawn, and th e  av erag e
in c re a s e  in  b o th  c a se s  i s  found to  be e x a c t ly  e q u a l ,  O.97 mgs.
p e r 100 c c s .  o f serum. In  fo u r  o f  th e  n e p h r i t i c  c u rv e s , th e
maximum in c re a s e  d id  n o t occur u n t i l  6 h o u rs , and i f  th e s e
f ig u r e s /
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f i g u r e s  be in c lu d e d  i n  t h e  a v e ra g e , th e  in c r e a s e  in  n e p h r i t i s  
becomes s l i g h t l y  more th a n  i n  th e  norm al — 1 .1 1  rags, p e r  100  c c s .  
o f  serum .
Of th e  f i v e  n e p h r i t i c  c h i ld r e n  i n  whom p oo r r i s e  was 
found by fo u r  h o u rs , two were s u b je c t s  o f  ba lan tfe  s tu d i e s  
(C ases 4 & 8 ) .  A lthough  t h e i r  b lo o d  Ca. c u rv e s  seemed to  
in d ic a te  some d e fe c t  in  a b s o rp t io n ,  in  b o th  a  p o s i t iv e  CaO 
b a lan ce  was found in d ic a t in g  a g a in  t h a t  th e  b a lan ce  can n o t be 
p r e d ic te d  from th e  ty p e  o f  b lo o d  c u rv e . I f  th e  in c re a s e  in  
th e  Ca. cu rve  i s  c o n tr a s te d  w ith  th e  r e t e n t i o n  o f  CaO and th e  
p e rc en ta g e  o f CaO In ta k e  a p p e a rin g  in  th e  u r in e ,  i t  w i l l  be 
found t h a t  no r e l a t i o n s h ip  e x i s t s  betw een them  (T ab le  X IV ).
T hree c h i ld r e n  (C ases 1 1 , 8 ,&9 ) gave a  n e g a tiv e  b a la n c e , bu t 
th e  r e s p e c t iv e  b lo o d  c u rv e s  showed in c r e a s e s  o f  2*5 * 1 *0 , and 
0 *5^ mgs. p e r  c e n t.H o r  d id  th e  h ig h e s t  b a la n c e  f ig u r e  c o r r e s ­
pond w ith  th e  g r e a t e s t  e le v a t io n  in  th e  b lood  c u rv e . S im i la r ly  
w ith  th e  u r in a r y  e x c r e t io n ,  case  9* w h ile  e x c r e t in g  o n ly  1 .1 3 $  
o f CaO in ta k e  by t h i s  ro u te ,  showed a r i s e  o f 0 .7  mg. i n  th e  
b lood  Ca. c u rv e . Some tim e l a t e r ,  when th e  u r in a r y  f ig u r e  
had r i s e n  to  2 . 68$ , i .e *  more th a n  double  i t s  p re v io u s  am ount, 
th e  Ca. cu rve showed an in c re a s e  o f O.521 m gs.$ . T h is  l a c k  
o f  r e l a t i o n s h ip  i s  shown a ls o  by th e  c o n tr o l  s u b je c ts  i n  whom 
bo th  th e  CaO b a la n c e s  and b lo o d  c u rv e s  were o b se rv ed  (T able  XV). 
T here was a ten d en cy  in  th e s e  t o  a  r e c ip r o c a l  r e l a t i o n s h i p ,  
b u t from such a sm all number o f s u b je c ts  i t  i s  n o t j u s t i f i a b l e  
t o  c o n s id e r  i t  f u r th e r .
Curves o b ta in e d  d u rin g  d i f f e r e n t  s ta g e s  o f  i l l n e s s ,  how ever, 
show more d e f i n i t e  in d ic a t io n s  o f some u p se t in  ca lc iu m  m etabo lism , 
w ith  g ra d u a l r e tu r n  t o  no rm al. In  each  o f  two c h i ld r e n  
(C ases 5 & 12 ) th r e e  cu rv es were o b ta in e d ; and in  o th e r  s ix  
(C ases 3 , 7 , 8 , 9 , 1 .D . , E .M ., ) -  two c u rv e s . T h is  p ro ce d u re  was 
su g g e s te d  by th e  change in  r e t e n t io n  found i n  c o n v a le sc e n t 
c h i ld r e n ,  and a ls o  by th e  a l t e r e d  d i s p o s i t io n  o f  th e  ca lc ium  
e x c re t io n /
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e x c r e t io n .  As w i l l  be seen  from  T ab le  X I I I ,  th e  in c r e a s e  
in  serum  Ga. had  no r e l a t i o n s h i p  t o  e i t h e r  th e  f a s t i n g  l e v e l  
o r th e  s ta g e  o f  th e  d i s e a s e .  Case 1 2 , w ith  f a s t i n g  e s t im a t io n s ,  
on two o c c a s io n s , o f  4*8 and 4*62 mgs. p e r  c e n t showed o o r re s ^  
pond ing  e le v a t io n s  o f  1*77 °*53 mgs. Case 5 > w ith
p rim ary  o b s e rv a t io n s  o f  7*87 a*id 9*24 aigs p e r  c e n t showed on 
each  o c c a s io n  an in c re a s e  o f 0 .8 9  a hd 1*07 mgs p e r  c e n t ;  i . e .  
an a lm ost n e g l ig ib le  in c re a s e  in  th e  h e ig h t o f  th e  c u rv e . E .M ., 
w ith  f a s t i n g  l e v e l s  o f  7*91 and 9*27 nigs p e r  c e n t ,  gave a  
g r e a te r  r i s e  -  1 mg. on th e  f i r s t  o b s e rv a t io n  th e n  on th e  l a t e r  , 
one -  O.31 mg. In  each  case  th e  l a t e r  c u rv e s  were ob serv ed  
a f t e r  th e  o n se t o f d e f i n i t e  c l i n i c a l  im provem ent, and a lth o u g h  
th e  in c re a s e  d id  n o t seem t o  be dependent on th e  f a s t i n g  l e v e l ,  
y e t th e  ty p e  o f cu rve  o b ta in e d  d u rin g  d i f f e r e n t  s ta g e s  o f th e  
i l l n e s s  showed marked a b e r r a t io n  from norm al. T h is  i s  most 
e a s i l y  a p p re c ia te d  when th e  f ig u r e s  a re  g rap h ed .
The g rap h s  (C h a rts  X II t o  XVI) have been  a rra n g e d  in  g ro u p s 
e n t i r e l y  from t h e i r  g e n e ra l  a p p ea ra n c e , s in c e  no o th e r  m ethod o f  
c l a s s i f i c a t i o n  co u ld  be found . Four c a te g o r ie s  have been  
ad o p ted .
(1 ) .  Curves v e ry  s im ila r  t o  th e  c o n tr o l  c u rv e s  (C h art X II I^
T h is  in c lu d e s  two c a se s  o f  a c u te  n e p h r i t i s  w ith  g re $ t  oedema; 
two c a se s  o f a c u te  n e p h r i t i s  d u r in g  c o n v a le sc e n c e ; and a 
c o n v a le sce n t c h ro n ic  parenchym atous n e p h r i t i s .
( 2) .  Curves c h a r a c te r i s e d  by th e  o ccu rren ce  o f  a  f a l l  i n  serum  
Ca. l e v e l  a t  6 h o u rs  o f  such  m agnitude t h a t  th e  f i n a l  re a d in g  
had f a l l e n  below  th e  f a s t i n g  l e v e l  (C hart XIV). The s u b je c ts ,  
in  whom t h i s  was found , were one c a se  o f  a c u te  n e p h r i t i s ;  s ix  
c a se s  o f  a c u te  n e p h r i t i s  i n  v a r io u s  s ta g e s  o f c o n v a le sc e n c e ; 
one c a se  o f  r e n a l  dw arfism ; one c a se  o f f u n c t io n a l  a lb u m in u ria ; 
and a  c a se  o f  c h ro n ic  parenchym atous n e p h r i t i s  showing much 
oedema, t e n  days p r io r  to  th e  o n se t o f a f a t a l  p e r i c a r d i t i s .
(3) /
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( 3 )* C urves i n  vfoich a  good in c r e a s e  was o b ta in e d  a t  2. h o u rs , 
fo llo w e d  by a  m arked f a l l ,  r e a c h in g  even  lo w er th a n  f a s t i n g  l e v e l ,  
a t  4 h o u rs , w ith  a  su cceed in g  te r m in a l  r i s e  a t  6 h o u rs  (C h a rt XV)* 
T h is  g ro u p , a l s o ,  shows some v a r i e ty  i n  i t s  s u b je c ts  v i z .  one 
case  o f  a c u te  n e p h r i t i s  w ith  u raem ia  and some oedema; two c a s e s
o f a c u te  n e p h r i t i s ,  one o f w hich had oedema; two c a se s  o f  a c u te  
n e p h r i t i s  d u r in g  a  r a t h e r  slow  c o n v a le sc e n c e ; and one l a t e  
c o n v a le s c e n t c a s e .
(4)* A f i n a l  group  in  w hich a  v a r ia b le  in c r e a s e  was found a t  
Z  h o u rs , and 4 h o u rs , w ith  th e  maximum e le v a t io n  shown by th e  
6 hours* specim en (C hart XVI). The c a se s  f a l l i n g  in to  t h i s  
c a te g o ry  a re  one c h i ld  j u s t  a f t e r  th e  c e s s a t io n  o f  u raem ic 
c o n v u ls io n s ; ane a c u te  n e p h r i t i s  w ith  g e n e r a l i s e d  a n a s a rc a ;  
one acu te  n e p h r i t i s  in  e a r ly  c o n v a le sce n ce ; and one c h ro n ic  
n e p h r i t i s  w hich u l t im a te ly  l e f t  h o s p i t a l  c o m p a ra tiv e ly  w e l l .
Thus i n  each  group  a re  found exam ples o f  th e  v a r io u s  
s ta g e s  o f th e  d is e a s e ,  w ith  and w ith o u t oedema, w hich l a t t e r  
does n o t ap p ea r to  have any c o n s ta n t  e f f e c t  on th e  b e h a v io u r o f th e  
calc ium  c u rv e . I f  th e  c u rv e s  o bserved  in  d i f f e r e n t  s ta g e s  o f 
n e p h r i t i s  a re  fo llo w e d , i t  i s  found t h a t  th e  one ty p e  o f cu rve  
seldom o c cu rs  tw ic e  in  th e  same c h i ld ,  su g g e s tin g  t h a t  th e  
b a la n c in g  mechanism i s  n o t a c t in g  c o n tin u o u s ly  i n  th e  same 
manner. E x am in a tio n  o f  th e  c h a r te d  c u rv e s  o f o th e r  o b se rv e rs  
does n o t show v a r i a t i o n s  to  have been  found in  norm al s u b je c ts  
s im ila r  to  th o s e  j u s t  d e sc r ib e d  in  n e p h r i t i s ,  and s in c e  th e  
average in c re a s e  in  th e  serum Ca. v a lu e  h as  been  shown to  be 
q u ite  a s  la rg e  in  n e p h r i t i c  a s  in  norm al c h i ld r e n ,  a b s o rp t io n  
cannot be r e s p o n s ib le  f o r  th e s e  a b n o rm a li t ie s .  S in ce  th e  
abnorm al c u rv e s  have been  shown to  v a ry  from tim e  to  tim e  in  
th e  one s u b je c t ,  th e y  canno t be a c c e p te d  a s  b e in g  th e  norm al 
cu rv es  p e c u l ia r  to  th e  d i f f e r e n t  in d iv id u a ls ,  and h e re ,  a s  in  
th e  c a se  o f  b lood  phosphorus c u rv e s , th e  in fe re n c e  seems to  be 
t h a t  th e r e  i s  u p se t  o f th e  i n t e r n a l  m etabolism  o f  ca lc ium .
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STherefore th e  low u r in a r y  o u tp u t o f  c a lc iu m  found  in  
n e p h r i t i s  canno t be th e  r e s u l t  o f  an a l t e r a t i o n  in  a b s o rp t io n ,  
and th e  f a c t o r s  p ro d u c in g  i t  must be sought e ls e w h e re . A 
resume/ o f  th e  g rounds f o r  t h i s  c o n c lu s io n  fo l lo w s :
In  c o n tr o l  s u b j e c t s : -
1 . The serum  Ga. curve showed an average  in c r e a s e  o f 0*97 m gs., 
o r 1 0 .0 4 $ , o c c u r r in g  w ith in  4 h o u rs  o f th e  a d m in is t r a t io n  
o f Ga. l a c t a t e  gm s.IV .
2* As a r u l e  th e  serum Ca. had a lm o st r e tu r n e d  to  f a s t i n g  le v e l  
in  6 h o u rs .
3* 2he serum  ca lc iu m  curve  was in d ep en d en t o f  th e  f a s t i n g  l e v e l .
4 * 5 he c u rv e s , when g rap h ed , showed g r e a t  c o n s is te n c y  i n  form . k 
5* 2?he in c re a s e  in  th e  Ga. cu rve had no b e a r in g  on th e  OaO 
b a la n c e ; n o r  was i t  r e l a t e d  t o  th e  u r in a r y  o u tp u t o f  CaO.
In  n e p h r itic  sub .ieo ts: -
1 * Ih e  Ga. cu rve  gave an average  in c re a s e  o f  O.97 m gs., o r  
1 0 .8 $ , w ith in  4 h o u rs , b u t showed a g r e a t e r  range  o f  
v a r i a t i o n  th a n  in  th e  c o n tro l  s u b je c t s ,  w hich a lth o u g h  in  
a few c a s e s  w ith in  th e  p o s s ib le  e x p e rim e n ta l e r r o r ,  was 
shown by th e  b a la n ce  s tu d ie s  to  be r e l i a b l e  a s  an  i n d ic a t io n  
o f  th e  a c t i v i t y  o f  a b s o rp t io n .
2. !Phe f i n a l  re a d in g  a t  6 h o u rs  was found to  be e x tre m e ly  v a r i a b le .
3* £he cu rv e s  d em o n stra ted  t h a t  th e  in c r e a s e ,  induced  i n  th e
serum Ca. l e v e l ,  was in d ep en d en t o f  th e  f a s t in g  e s t im a t io n .
4 * When g rap h ed , many c u rv e s  showed much d e v ia t io n  from norm al, 
th e  i r r e g u l a r i t i e s  f a l l i n g  in to  fo u r m ain g ro u p s u n a s s o c ia te d  
w ith  th e  contem porary  c l i n i c a l  and o th e r  b io ch em ica l 
m anife s t a t  io n s .
5 - £he in c re a s e  i n  th e  Ca. cu rve  d id  n o t in d ic a te  th e  s t a t e
o f th e  CaO b a la n c e , and a s  in  th e  c o n tr o l  s u b je c t s ,  c o u ld  n o t
be a s s o c ia te d  w ith  th e  u r in a r y  e x c r e t io n .
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V.
E x c re t io n  o f  Qel&ium and P hosphorus 
in  E e p h r i t i s .
A. U rin a ry  E x c re t io n :  Q!he q u e s t io n  o f e x c r e t io n  i n  n e p h r i t i s
f a l l s  n e x t t o  be c o n s id e re d . R e fe ren ce  h a s  a l r e a d y  been  made
t o  th e  f a c t  t h a t  fo r  many y e a rs  d im in u tio n  in  u r in a r y  e x c r e t io n
o f ca lc iu m  and phosphorus h a s  been  g e n e r a l ly  re c o g n is e d .
(30)
M a rr io t t  and Howland were p ro b a b ly  th e  p io n e e r s  in  t h i s  
re s p e c t  when in  1916 th e y  observed  a  d e c re a se  in  u r in a r y  
phosphorus i n  n e p h r i t i s .  In  th e  fo llo w in g  y e a r  H alveson  
M ohler and Bergeira showed a  s im i la r  o c cu rren c e  in  r e s p e c t  o f  
ca lc ium .
Owing to  th e  la c k  o f b a la n c e  s tu d ie s ,  no comment seems 
to  have been  made on th e  e l im in a t io n  by bow el. In  1925
U 5)
however, H e ten y i and H ograd i p u b lis h e d  some o b s e rv a tio n s  on 
th e  b eh av io u r o f  Ca. in  n e p h r i t i c  s u b je c t s ,  and n o te d  t h a t  th e r e  * 
was an e x c e s s iv e  amount o f Ca. in  th e  f a e c e s .  In  o rd e r  to  
avo id  any d i f f i c u l t y  a r i s i n g  from  th e  q u e s t io n  o f  a b s o rp t io n ,  ^  
th e y  in je c te d  in tra v e n o u s ly  10$  s o lu t io n  o f  CaClj?, and found  
t h a t  in  u raem ia  th e  u r in e  ca lc iu m  o u tp u t in c re a s e d  v e ry  s l i g h t l y  
in  th e  two h o u rs  fo llo w in g  i n j e c t i o n .  Even in  c o n v a le sc e n t 
a cu te  n e p h r i t i s ,  th e  u r in a r y  e x c r e t io n  ro s e  l e s s  th a n  h a l f  th e  
amount shown in  norm al s u b je c ts ,  showing t h a t ,  w ha tever th e  
cause o f  th e  im pairm ent o f r e n a l  e x c r e t io n ,  some tim e  e la p s e d  
b e fo re  th e  l a t t e r  rec o v e re d  i t s  power. Ho o b s e rv a t io n s  o f  
f a e c a l  o u tp u t d u rin g  t h i s  p ro ced u re  were re c o rd e d . ifhey 
found t h a t  th e  low u r in a r y  ca lc iu m  o f  n e p h r i t i s  was n o t 
in c re a s e d  when ca lc iu m  was g iv e n  by m outh, in  marked c o n t r a s t  
to  th e  norm al sequence o f  e v e n ts .  S h is  f a i l u r e  to  in c re a s e  
th e  Ca. c o n te n t o f  th e  u r in e  was most marked in  c a s e s  o f  
n e p h ro s is .
(4)
I n  1926 , Boyd, C ourtney , and M citachlan a ls o  n o te d  low
u ^ i / a r y  e x c r e t io n  o f C a ., and concluded  t h a t  th e  n e p h r i t i c
k id n ey  was in c a p a b le  o f e x c re t in g  t h i s  in  norm al f a s h io n , a s  
e v id e n ce d /
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ev id en o ed  by th e  low  t o t a l  e x c r e t io n  and by th e  low  concen­
t r a t i o n  in  th e  u r in e .  W ith re g a rd  t o  p h o sp h o ru s , th e y  were 
o f  o p in io n  t h a t  i n  n e p h r i t i s  u r in a ry  e x c r e t io n  o f  P . com pared 
fa v o u ra b ly  w ith  no rm al.
(39 )
S c r iv e r ,  in  1928 , re c o rd e d  some o b s e rv a t io n s  on th e  
e x c r e t io n  o f  c a lc iu m  in  two c a se s  o f n e p h ro s is .  He found  low 
u r in a r y  Ga. and f a i l e d  t o  o b ta in  any in c re a s e  a f t e r  i n j e c t i o n s  
o f p a ra th y ro id  e x t r a c t .
T hus, w hile  a l l  p re v io u s  w orkers a re  unanim ous on th e  
s u b je c t  o f  a  low r e n a l  o u tp u t o f  Ga. in  n e p h r i t i s ,  some doubt 
h as  been e x p re sse d  a s  to  th e  phosphorus d im in u tio n . In  th e  
p re s e n t  i n v e s t i g a t io n  e le v e n  c a s e s  o f  n e p h r i t i s  were exam ined, 
fo u r  o f them on two o c c a s io n s , and th e  f ig u r e s  f o r  u r in a r y  
e x c re t io n  show t h a t ,  w ith o u t d o u b t, th e  q u a n t i t i e s  o f  Ga. and P. 
vo ided  by t h i s  ro u te  were abno rm ally  sm a ll . B efo re  d is c u s s in g  
th e s e  in  d e t a i l ,  i t  m ight be a d v is a b le  to  show th e  e x te n t  o f  
th e  norm al u r in a ry  o u tp u t o f th e s e  e le m e n ts .
(1 7 )
In  1920 , H o lt G ourtney and P a le s ,  w h ile  s tu d y in g  th e
oalcium  m etabo lism  o f  norm al c h i ld r e n ,  in d ic a te d  t h a t  th e  m ain
source o f rec o v e ry  o f  th e  s u rp lu s  Ga. in ta k e  was th e  f a e c e s .
(1)
A y e a r l a t e r ,  P in d la y  P a t on and Sharpe showed t h a t  th e
p ro p o r tio n  o f  Ca. e x c re te d  by th e  u r in e  i s  sm a ll, b u t in c r e a s e s
w ith  advancing ag e . Thus th e y  found t h a t ,  in  c h i ld r e n
betw een 8 and 13 y e a r s ,  th e  u r in a r y  c o n te n t  amounted t o  betw een
7*3 StoA 9$ o f  th e  in ta k e ;  w h ile  betw een 17 and 44 y e a r s  i t
(42 )
r e p re s e n te d  21 t o  27$. T e l f e r ,  in  1922, was o f  o p in io n  t h a t
a  g re a t  d e a l o f  th e  Ga. and P. in ta k e  i s  r e s t r i c t e d  to  t h e
g u t, a b s o rp t io n  b e in g  p re v e n te d  by th e  fo rm a tio n  o f  t r i - c a l c i u m
p h o sp h a te . He found t h a t ,  in  norm al i n f a n t s ,  th e  u r in a r y  Ca.
was on ly  a  sm all f r a c t i o n  o f  th e  t o t a l  e x c r e t io n ,  w h ile  th e  P .
amounted t o  40$ o f  th e  t o t a l  phosphorus e x c re te d . About th e
(40 )
same tim e , Sherman and Hawley r e p o r te d  a la rg e  number o f  Ga. 
and P . b a la n ce  o b se rv a tio n s  in  h e a lth y  c h i ld r e n  o f  v a r io u s  a g e s .
v
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A s e r i e s  o f  t h e i r  r e s u l t s  was quo te  & by Boyd C ourtney  and 
(4 )
M cLachlan i n  1926. f h e s e  show t h a t ,  i n  c h i ld r e n  from  3—12 y r s .  
th e  u r in a r y  e x c r e t io n  o f Ca. v a r ie d  from  1 .3  t o  12*3 P6 * c e n t 
o f  in ta k e ,  a v e ra g in g  4*9 Pe r  c e n t ;  w h i l s t  th e  P . ran g ed  betw een 
44 and 64 p e r  c e n t o f  in ta k e ,  g iv in g  an av erag e  o f  5^ Pe r  c e n t .  
In  a  p a p e r on m in e ra l m etabo lism  in  c o e l ia c  d is e a s e ,
(4 3 )
p u b lis h e d  in  4928, f e l f e r  r e a f f irm e d  h is  p re v io u s  o p in io n  t h a t
a lm ost a l l  th e  u n u t i l i s e d  Ca. in ta k e  i s  re c o v e re d  from  th e
fa e c e s  i n  norm al c h iM re n . He in d ic a te d  t h a t  th e  p r o p o r t io n
o f th e  in ta k e  e x c re te d  by th e  u r in e  depends on th e
c o n d it io n  o f th e  i n t e s t i n a l  c o n te n ts ,  and t h a t  a s  a  r u le  u r in a r y
and f a e c a l  c o n te n ts  o f  P?Oc a re  a lm o st e q u a l . -
( 29 ) 3
M acrae, w ork ing  in  t h i s  l a b o r a to r y ,  h as found t h a t  in
c h ild re n  o f  2-|-12  y e a r s  th e  u r in a r y  o u tp u t o f  Ca. r e p r e s e n ts
on th e  average  6 .7 4  p e r  c e n t ,  and th e  P . 48*9 P^1* c e n t o f  th e
re s p e c t iv e  am ounts o f Ca. and P . in g e s te d .  fh e  t h r e e  c o n tr o l
s u b je c ts  o f  th e  p re s e n t  s e r i e s  o f  b a la n c e  i n v e s t i g a t io n s  showed
a  s im ila r  d i s t r i b u t i o n  ( f a b le  XVI).
f h l s  method o f  e x p re s s in g  u r in a ry  e x c re t io n  a s  a  p e rc e n ta g e
o f in ta k e  may seem p e c u l ia r ,  b u t i t  h a s  been ad o p ted  w i t t i n g ly ,
and f o r  t h i s  re a so n . Suppose two c h i ld r e n ,  A and B, g iv e n
e x a c tly  eq u a l amount s o f  C a ., and w ith  e x a c t ly  e q u a l u r in a r y
o u tp u ts  o f  Ca. I f  A h as a  g r e a te r  r e t e n t io n  th a n  B, th e n  th e
to ta l .  o u tp u t o f  A w i l l  be l e s s  th a n  th a t  o f  B,. and th e  p e rc e n ta g e
o f  o u tpu t a p p e a rin g  in  A*s u r in e  w i l l  be a c c o rd in g ly  g r e a t e r ,
g iv in g  a  f a l l a c i o u s  id e a  o f  th e  u r in a ry  e x c r e t io n .  I f  th e
l a t t e r  be e x p re sse d  in  te rm s o f th e  in ta k e ,  th e  eq u a l u r in a ry
c o n te n ts  o f  A and B w i l l  th e n  be seen  t o  be e q u a l . P h is  i s
w e ll i l l u s t r a t e d  by th e  fo llo w in g  f ig u r e s ,  ta k e n  from  th e
p re s e n t s e r i e s  o f  b a la n c e s . In  a d d i t io n ,  th e  f ig u r e s
e x p re ss in g  “p e rc en ta g e  o f  in ta k e ” show much g r e a t e r  p ro x im ity ,
and a llo w  o f  e a s i e r  com parison . A ccord ing ly  th e  r e s u l t s  o f
o th e r /
-45-
3aO r e te n t . U rinary CaO PoOc;retent. U rinary  P^Ocas
in  gm s./K ilo/ 
day.




in  gms.2. 
K ilo /day .
percentage o f 
In take  Output
C.H.
00O« • l A 1 7 -5 .077 4 8 .8 74-9
E.McL.
1 i
• O ?-»-4 9 .5 7 .046 42 .7 53-8
Other workers have been, as  f a r  as  p o ss ib le , so expressed; 
and are  p resen ted  in  th e  ta b le  beneath .
Observer
Age of 
su b jec t
% o f CaO in tak e  
in  u rin e
% o f P2O5 Intake 
in  u r in e .
ffindlay, P at on, Sharpe 1921
y rs .
&-13 7-5  -  9 —
J e lfe r  1922, 1928 Children sm all amount 40-50
Sherman & Hawley 1922 3-12 1 .3  -  12-3 44-64
Macrae 1929 2 i - l l 2. 5 - 9 34-63
Control su b je c ts  of 
present s e r ie s 6-7 4 .7  -  7-6 33-49
I t  appears, then , th a t  th e re  i s  considerab le  v a r ia t io n  in  
the u rin a ry  ex c re tio n , even in  normal c h ild re n . The average ^  
percentage of in ta k e , c a lcu la te d  from t h i s  ta b le ,  g iv es  the  
normal u rinary  CaO as 6%: P2°5 as 50% i both  th ese  being 
approximate fig u re s .
The f ig u re s  fo r  ex c re tio n  in  the  n e p h r itic  su b jec ts  show very
d e f in ite  v a r ia tio n  from th e se  (Table XVII). The average amount
of Qa. in  the u rin e , fo r a l l  15 balances, whether in  acu te ,
convaslescent acu td , or chronio forms of th e  d isease , i s  2.02%
of the  in ta k e . The range o f th e  n e p h r itic  u rin a ry  ex c re tio n  i s
much le s s  than  in  the  normal f ig u re s  quoted §bove. As w ill  be
seen from the ta b le ,  the  u rinary  OaO in  a chronic case reached
a maximum fo r the s e r ie s  of 3*9% o £  in tak e , w ell below the
average fig u re  of 6%  in  h ea lth . In  no s in g le  in stance  of acute 
n e p h r i t i s /
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n e p h r i t i s  d id  th e  u r in a ry  c a lc iu m  exceed  3%  o f  in ta k e ,  w h ile  
in  one s u b je c t  i t  m s  found t o  be on ly  0 *94$*
Of th e  f o u r  re p e a te d  b a la n c e  o b s e rv a t io n s  (T ab le  X V TII), 
t h e r e  was a p p a re n t in  th r e e  d e f i n i t e  improvem ent i n  r e n a l  
e x c r e t io n  o f Ca. a t  th e  tim e  o f  th e  second o b s e rv a t io n . The 
i n t e r v a l  betw een th e  b a la n c e  p e r io d s  v a r ie d  from th r e e  weeks 
t o  fo u r  m onths. I n  th e  o th e r  c a s e , th e  f i r s t  p e r io d  was 
observed  d u r in g  trem endous d i u r e s i s  w hich fo llo w ed  an  a t t a c k  
o f  a c u te  u raem ia  c o m p lic a tin g  a b r o n c h ie c ta s i s .  Ho s a t i s f a c t o r y  
e x p la n a t io n  co u ld  be found fo r  th e  d e c re a se d  e x c r e t io n  d u rin g  
th e  l a t e r  b a la n ce  p e r io d .
^She b e h av io u r o f  th e  u r in a ry  phosphorus was found t o  be 
rough ly  p a r a l l e l  t o  t h a t  o f th e  c a lc iu m . From th e  av erag e  
u r in a ry  c o n te n t e x p re sse d  in  te rm s o f th e  P . in ta k e ,  i t  seems 
t h a t  th e  d e c re a s e  i s  n o t so marked a s  in  th e  c ase  o f  Ca. (T ab le  XIX) 
The average  f r a c t i o n  o f  P . in ta k e  a p p e a rin g  in  th e  u r in e ,  d u rin g  
th e  f i f t e e n  b a la n ce  p e r io d s  observed  i n  s u b je c ts  o f  n e p h r i t i s ,  
was 32/£ a s  compared w ith  th e  norm al average  o f  5^ *  T hus, / 
w hile  th e  Ca. showed only one t h i r d  o f i t s  norm al q u a n t i ty ,  th e  
P . was more th a n  h a l f  th e  norm al am ount. A gain i t  was n o te d  
t h a t  th e  range o f u r in a r y  phosphorus c o n te n t  was s m a lle r  th a n  
in  h e a l th y  c h i ld r e n ,  b e in g  w ith  one e x c e p tio n  betw een 26 and 43J& 
o f  in ta k e . The lo w e s t f ig u r e ,  8 -4$  o £  in ta k e ,  was shown by a 
case  o f  c h ro n ic  n e p h r i t i s  s h o r t ly  b e fo re  a f a t a l  p e r i c a r d i t i s .
The maximum u r in a ry  e x c r e t io n  o f  phosphorus d id  n o t  occu r in  
t h a t  c ase  w hich showed a maximum ca lc iu m  e x c r e t io n  in  th e  u r in e  
(C hart V ). In  f a c t ,  in  a l l  form s o f n e p h r i t i s  th e r e  was 
a p p aren t more d e fe c t  in  u r in a ry  jOa. th a n  in  P . a lth o u g h  even 
th e  l a t t e r  only approached  th e  norm al p ro p o r t io n  in  two in s ta n c e s ,  
one o f which was found in  a  c o n v a le sc e n t c h i ld .
H ere, a s  i n  th e  case  o f ca lc iu m , th e  fo u r  re p e a te d  b a lan ce  
o b s e rv a tio n s  showed t h a t  u r in a ry  e x c r e t io n  had im proved i n  th e  
i n t e r v a l .  I t  was found th a t  Case 5 which showed a d e c re a se d  
o u tp u t/
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output of C&* i had a s l ig h t ly  increased urinary P. demonstrating 
again that there i s  not absolute p ara lle lism  between the two*
As was indicated  in  the sec tio n  on the calcium and 
phosphorus balancest no re la tion sh ip  could be traced  between 
the reten tion s and the fig u res for  urinary excretion  
(Chart8 I I I  & IV: fa b le s  XI, XIV). Likewise, the urine 
volume was not found to  have any bearing on the quantitative  
excretion  o f Ca. or P. (fab le  XVII).
t h is  i s  quite in  accord with the observations of Wigglesworth 
(45 )
and Woodrow, who in  1924, found that in  healthy adults a fte r  
in gestion  of large doses of phosphate, there was increased renal 
excretion , The la t te r  was roughly p a ra lle l to  the increase in  
blood inorganic P. but showed much greater varia tion , and was 
qhite unrelated to the quantity of water exoreted by the kidneys.
With.one exception, previous references to  the serum P. 
in  n ep h ritis  have accepted the theory of “reten tion  o f phosphate" 
by the kidney, That there i s  some ju s t if ic a t io n  for t h is  i s  
shown when the serum and urinary phosphorus contents are 
compared (Chart IV)* fhe lowest urinary P. of the present 
ser ies  occurred in  case 4, who showed the h ighest serum le v e l ,  
fhe opposite s ta te  of a f fa ir s , however, does not maintain th is  
reciprocal re la tion sh ip , and th is  i s  more apparant when the  
four repeated balance stud ies are considered {fab le XIX). Serum 
values w ithin normal lim its  did not ind icate a normal d istr ib u tio n  
of the P. excretion , and i t  i s  therefore fa ir  to  conclude that
t
although a low urinary content of P. may occur ecncidently with  
a high serum inorganic phosphorus, and although the two may have 
a common cause, yet they are not d irectly  interdependent.
Looking at the urinary Ca. excretion  from the same point of 
view, i t  i s  seen that in  presence o f the lowest serum value 
there i s  found the lowest excretion  o f Ca. (Chart I I I ) .  But 
again, normal serum values do not fo r e te l l  a normal urinary 
content o f Ca. (Table XVIII), and i t  therefore seems that the
la t te r  i s  not d irec tly  dependent on the serum le v e l .
These/
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T hese o b s e rv a t io n s  on u r in a r y  e x c r e t io n ,  th e n ,  may be 
b r i e f l y  s t a t e d  a s  f o l lo w s : -
(1 ) .  I n  norm al h e a l th y  c h i ld r e n  betw een J  12 y e a r s  o f  ag e , 
th e  p o r t io n  o f  th e  in ta k e  o f  Ga* and P* e x c re te d  by th e  u r in e  i s  
f a i r l y  c o n s ta n t ,  and r e p r e s e n ts  on th e  av e rag e  6;% o f  Ca* and 
50/S o f  P . i . e .  t h e r e  i s  an app rox im ate  r e l a t i o n s h i p  o f  1 : 8 .
( 2) .  I n  c h i ld r e n  o f  th e  same ag e , s u f f e r in g  from  n e p h r i t i s ,  th e  
e x c r e t io n  o f  b o th  Ga. and P . in  th e  u r in e  i s  re d u c e d , th e  Ga. 
b e in g  a f f e c te d  to  a g r e a t e r  d e g re e . The av erag e  u r in a r y  c o n te n t  
r e p r e s e n ts  2fo  o f  th e  Ga. and 32$  o f  th e  P . in ta k e ,  th u s  chang ing  
n o t on ly  th e  q u a n t i t i e s  b u t a ls o  th e  r e l a t i v e  p ro p o r t io n  t o  a 
r a t i o  o f  l : l 6 s
( 3 ) .  As c l i n i c a l  reco v ery  p ro c e e d s , th e  u r in a ry  e x c r e t io n  slow ly  
im proves.
(4 ) .  The am ounts o f  Ga. and P . e x c re te d  in  th e  u r in e  o f  n e p h r i t i c  
p a t i e n t s  b e a r  no r e l a t i o n s h i p  to  t h e i r  r e s p e c t iv e  r e t e n t i o n s ,  t o  
u r in e  volume, n o r ex cep t i n d i r e c t l y  to  th e  serum  l e v e l s  f o r  Ga. 
and in o rg a n ic  P .
B. ffaecal O u tp u t: Having c o n s id e re d  th e  u r in a ry  o u tp u t, t h e r e
rem ains to  be in v e s t ig a te d  th e  ca lc iu m  and phosphorus re c o v e re d
from th e  f a e c e s .  At th e  moment, th e  q u e s t io n  o f w hether th e
fa e c a l  Ca. and P . i s  in  p a r t  th e  r e s u l t  o f  e x c r e t io n  by bowel
need no t be d is c u s s e d , and i t  i s  p roposed  to  fo cu s  a t t e n t i o n  on
th e  a l t e r a t i o n s  found in  th e s e  su b s ta n c e s  w ith o u t re g a rd  to
t h e i r  p re v io u s  m etabo lism . * >
In  h e a lth y  c h i ld r e n  th e  d i s t r i b u t i o n  o f  th e  u n u t i l i s e d
p a r t  o f  th e  Ga. and P . in ta k e  i s  f a i r l y  c o n s ta n t ,  v a ry in g  o f
(40 )
course  in  d i f f e r e n t  in d iv id u a ls .  Prom Sherman and Haw ley’ s
f ig u r e s ,  quo ted  above, i t  h a s  been c a lc u la te d  t h a t  th e  f a e c a l
p o r t io n  o f th e  t o t a l  phosphorus reco v ery  av erag ed  37 . 7 /£.
(49 )
M acrae’ s f ig u r e s  f o r  norm al c h i ld r e n  showed an average  o f 4p^.
in  th e  fa e c e s , o f th e  t o t a l  P r e j e c te d ;  w h ile  th e  c o n tr o l  c a se s
o f  th e  p re s e n t  s e r i e s  gave an average  o f 43*5/̂  (S ab le  XX).
Thus/*"
-49-
Thus in  22 norm al c h i ld r e n ,  th e  f a e c a l  p hospho rus am ounted 
t o ,  on th e  a v e ra g e , 39 *2?̂  o t  th e  t o t a l  P . o u tp u t.  I f  t h i s  he  
e x p re s se d  i n  te rm s  o f  in ta k e ,  i t  a p p e a rs  t h a t  30*5^ i . e .  abou t 
one t h i r d  o f th e  in g e s te d  phosphorus i s  e l im in a te d  by th e  
bow el.
When c o rre sp o n d in g  c a l c u l a t i o n s  a re  made fo r th e  n e p h r i t i c  
b a la n c e s , i t  i s  e v id e n t  t h a t  6 2 *3/  ̂ r e j e c t e d  P . i s
p re s e n t  in  th e  f a e c e s .  T here i s  th e r e f o r e  a r e l a t i v e  in c re a s e  
in  th e  f a e c a l  re c o v e ry . I f  t h i s  be e x p re sse d  in  te rm s  o f  
in ta k e ,  i t  i s  found t h a t  an  average  o f  54*2.% i * e « more th a n  
h a l f  th e  in g e s te d  phosphorus a p p e a rs  in  th e  f a e c e s ,  showing 
t h a t  th e r e  i s  a l s o  an  a b s o lu te  in c re a s e  in  f a e c a l  c o n te n t i n  
h e p h r i t i s .
A s im i la r  a b e r r a t io n  from  norm al i s  e v id e n t i n  r e l a t i o n  t o  
th e  ca lc iu m  re c o v e ry  (T ab le  XX). The av erag e  f a e c a l  c o n te n t  
in  h e a l th y  c h i ld r e n  was found t o  be S l f o  o f  th e  t o t a l  o u tp u t, 
r e p re s e n tin g  6 4 • 7% o r a lm ost two t h i r d s  o f  th e  Ca. in ta k e .  In  
n e p h r i t ic  s u b je c ts  th e s e  f ig u r e s  a re  in c re a s e d . A l a r g e r  
p o r t io n  o f  th e  t o t a l  o u tp u t, a v e ra g in g  9 7 .4 $ , a p p e a rs  in  th e  
fa e c e s , th e re b y  a c c o u n tin g  f o r  78.8/3 o r more th a n  t h r e e -  
q u a r te r s  o f  th e  in ta k e .  Thus, an  in c r e a s e ,  r e l a t i v e  and 
a b s o lu te , i s  found in  b o th  th e  Ca. and P . c o n te n t  o f  th e  f a e c e s ;  
bu t th e  in c re a s e  in  phosphorus i s  r e l a t i v e l y  th e  g r e a t e r  o f
Vth e  two.
T h is  in e q u a l i ty  i s  more e a s i l y  a p p re c ia te d  i f  the. r a t i o  
o f GaO t o  Pr,Oc in  th e  fa e c e s  be c o n s id e re d . In  M acrea’ s  
norm al c h i ld r e n  and in  th e  c o n tr o l  s e r i e s  o f  th e  p r e s e n t  s tu d y  
c o n s id e ra b ly  more CaO th a n  P2O5 was p re s e n t  i n  th e  f a e c e s .
The r a t i o  i n  th e s e  s u b je c ts  av erag ed  1 *3421 (T ab le  XX). When 
th e  n e p h r i t ic  f ig u r e s  a re  exam ined, i t  i s  found t h a t  th e  f a e c a l  
OaO’and Pg0^ c o n te n ts  were more n e a r ly  e q u a l,  th e  av e rag e  r a t i o  
be ing  1 . 08 : 1 . T hat i s ,  th e  r a t i o  in  n e p h r i t i s  i s  d e c re a se d .
I f /
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I f ,  a s  h a s  been  su g g e s te d , th e  f a e c a l  c o n te n t  o f  Ga. and P. \ 
r e p r e s e n ts  th e  am ounts o f th e s e  su b s ta n c e s  w hich have  n o t been  / 
a b so rb ed , i . e .  i f  t h e r e  i s  no re -e x c re tio n , i t  i s  d i f f i c u l t  t o  
see  why th e  C aO /^O ^ r a t i o  i n  n e p h r i t i s  sh o u ld  be u n ifo rm ly  
d e c re a se d . I t  m ight be e x p la in e d  by a r e l a t i v e l y  poor 
a b s o rp t io n  o f  P . th e  Ga. a b s o rp t io n  rem a in in g  u n a l te r e d ,  b u t j 9 
th e  ev id en ce  o f b o th  b lo o d  c u rv e s  and u r in a ry  e x c r e t io n  i s  n o t  / 
i n  fa v o u r o f  such a th e o ry .
D uring co n v a lescen ce  i t  m ight be a n t i c ip a te d  t h a t  a  d e c re a se  
would be found in  f a e c a l  GaO and. P2O5, w ith  an  accom panying 
in c re a s e  o f  CaO/p205 r a t i o ,  s ig n i f y in g  a r e tu r n  to  th e  norm al 
d i s t r i b u t i o n  o f th e  o u tp u t. In  th e  fo u r  r e p e a te d  b a la n c e s  
th e  i n t e r v a l  betw een th e  o b s e rv a tio n s  v a r ie d  from th r e e  weeks 
to  fo u r  m onths. Only a f t e r  th e  l a t t e r  i n t e r v a l  was d e f i n i t e  
ev idence  o f such a r e tu r n  to  norm al found . In  t h i s  s u b je c t ,  
case  3, th e r e  was n o te d  c o in c id e n t  f a l l  i n  f a e c a l  c o n te n t  o f  
Ga. and P . ,  r i s e  o f  G&O/P2O5 r a t i o ,  and in c re a s e  in  u r in a r y  
e x c re t io n  (T ab le  XXI), th e  r e t e n t io n s  rem a in in g  p r a c t i c a l l y  
th e  same in  b o th  p e r io d s .  When th e  b a la n c e s  were re p e a te d  
a f t e r  s h o r te r  i n t e r v a l s  o f 3* 4* s^d  6 weeks, th e  ev idence  o f  
r e tu r n  to  norm al was much l e s s  m arked. In  each  case  th e  f a e c a l  
GaO/P^O^ r a t i o  had in c re a s e d , and i n  two th e r e  was found 
improvement o f  th e  u r in a ry  Ca. e x c r e t io n ,  w h ile  a l l  t h r e e  
showed in c re a s e d  u r in a ry  P . e x c r e t io n ;  b u t when th e  f a e c a l  
e l im in a t io n  was exam ined, i t  ap p eared  t h a t  t h e r e  was a c t u a l l y  
an  in c re a s e  over t h a t  shown i n  th e  e a r l i e r  p e r io d ,  w ith  
co n seq u en tly  r e d u c t io n  o f  th e  Ga. and P . r e t e n t i o n s .
In  two o f th e  o th e r  b a la n c e s  (G ases 1 0 , 1 1 ) a ls o  observed  
in  n e p h r i t ic  c h i ld r e n  d u rin g  e a r ly  c o n v a le sce n ce , th e  d i s t r i ­
b u tio n  o f th e  Ca. and P. reco v ery  resem bled  t h a t  in  th e  th r e e  
c a se s  quo ted  above. In  each  th e r e  was found a  n e g a tiv e  
b a lan ce  w ith  an  abnorm ally  h ig h  f a e c a l  o u tp u t, low u r in a ry  
e x c re t io n ,  and low GaO/p^O^ r a t i o  in  th e  f a e c e s .  The s ig n i f ic a i .c e  
of/
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of t h i s  w il l  become apparent when th e  q u es tio n  of in t e s t i n a l  
ex c re tio n  i s  d iscussed .
0. The Evidence of  in te s t in a l  E xcre tion  in  N e p h r it is :
In  view of the  conclusion , a r r iv e d  a t  from study o f th e  
blood curves, th a t  in  n e p h r i t is  ab so rp tio n  i s  a t  l e a s t  
comparable w ith ab so rp tion  o f  Ca. and P. in  h e a lth , t h i s  
dem onstration of decreased u rin a ry  output w ith co in c id en t 
in c rease  in  fa e c a l con ten t of Ga. and P. suggested th e  p o s s ib i l ­
i ty  o f in t e s t i n a l  ex c re tio n . T h is i s  no new suggestion , s ince  
various observers have advanced i t ,  w ith  considerab le  support­
ing evidence, during the  p as t few y ea rs . E a r l ie r  opinion was
(42 )
against such an occurrence. T e lfe r  in  1922 in d ic a te d  th a t
much of th e  in g ested  Ca. and P. was r e s t r i c te d  to  th e  g u t, and
th a t th e  amount of Ca. absorbed might be l i t t l e  more th an  the
amount re ta in e d . He was of opinion th a t  probably th e re  was
no re -e x c re tio n  in to  the bowel. The questio n  of in t e s t i n a l  ^
excre tion  of P. was not considered . '
( 1 2 )
In  1925 G-reenwald and Gross, a f t e r  in je c t io n  in to  dogs 
of CaCl^ and HaHgPO^, e i th e r  se p a ra te ly  or to g e th e r , found 
increase in  the ex c re tio n  of both Ca. and P. by bowel and urine,. 
The increase  v aried  in  amount but was roughly equal to  the  
quan tity  in je c te d , and was mainly recovered from th e  bowel.
(1 9 )
Hunter and Aub, in  1926, while t r e a t in g  some eases of 
lead  poisoning w ith p ara thy ro id  e x tra c t ,  observed an increased  
ex cre tio n  of C a., 8oj£ of which appeared in  the  u rin e , th e  
remainder in  th e  faeces.
(3 4 )
In  th e  follow ing year P e rc iv a l and S tew art, working w ith 
o a ts , found th a t  a f t e r  in travenous in je c t io n  of CaCl£ th e re  was 
l i t t l e  inc rease  in  u rin ary  calcium ; but obtained a la rg e  increase  
in  the  Ca. washed from an is o la te d  loop of bowel. They 
concluded th a t  the la rg e  in te s t in e  provides th e  main ex c re to ry  
route fo r Calcium.
In /
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In  a d d itio n  to  th e se  o b se rv a tio n s, se v e ra l re fe re n c e s  
were found to  ex c re tio n  in  re n a l d ise a se . In  1925 H etenyi
(1 5 )
and Nogradi published  some work on th e  behaviour o f oaloium 
in  n e p h r i t i s .  They found th a t  when Ca. was g iven  by mouth 
to  n e p h r itic  su b je c ts , no inc rease  in  u rin a ry  ex c re tio n  
follow ed, and w hile th e re  was no increased  re te n tio n , th e  
faeca l calcium  was in  excess . In  normal su b je c ts  t h i s  pro­
cedure le d  to  increased  u rinary  Ca. In  order to  avoid any 
u n ce rta in ty  which might have been ra is e d  by th e  q u estio n  o f 
abso rp tio n , they  in je c te d  in travenously  10$ so lu tio n  o f CaCl^ 
and found th a t  norm ally th e re  was induced an immediate in c re ase  in  
renal e x c re tio n  of calcium , which continued fo r  th e  rem ainder 
of the 2 hours* observa tion  p eriod . In  convalescent acu te 
n e p h r itis  th e  u rin ary  output showed le s s  than  h a l f  th e  normal 
in c rease , while in  uraemia any in c rease  which occurred was 
n e g lig ib le .
(3 9 )
In  1928, S criv er rep o rted  two Cases of nep h ro sis  t r e a te d  
with p ara th y ro id  e x tra c t ,  but could fin d  no in c rease  in  u rin ary  
excre tion  of Ca. He observed th a t  th e  Ca. con ten t of th e  
s to o l was h igh , and th a t  i t  was increased  by a d m in is tra tio n  of 
p ara thy ro id , a t t r ib u t in g  t h i s  to  increased  in te s t in a l  ex c re tio n  
follow ing th e  inc rease  in  serum calcium produced by the  e x t r a c t .
( 5 )Brain and Hay, in  1929 , s ta te d  th a t  in  some n e p h r itic  
su b jec ts , a f te r  in travenous in je c t io n  of 0 .5 5  ©a* o i  phosphorus 
in  the form of sodium glycerophosphate, no in c rease  in  u r in a ry  
P. was obtained w ith in  two hours, in  marked c o n tra s t to  th e  
minimum increase  in  normal su b jec ts  of a t  l e a s t  0 .1 5  gm. In  
many o ther n e p h ritic  p a t ie n ts  they found markedly low ex c re tio n  
of the  in je c te d  P ., so co n s tan tly  p resen t as to  be a r e l ia b le  
t e s t  of ren a l function .
Thus b o th  ca lc ium  and phosphorus when in je c te d  in tr a v e n o u s ly  
in  n e p h r i t ic  s u b je c ts  have f a i l e d  to  produce in c re a s e  in  r e n a l  
o u tp u t. T h is  o f i t s e l f  i s  in d ic a t iv e  o f  th e  p resen ce  o f an 
a l t e r n a t i v e /
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a l t  e rn a t ive ex c re to ry  ro u te , which., as has been shown in  
dogs, c a ts ,  and human beings, a c tu a l ly  e x is ts  in  th e  in t e s t i n a l  
t r a c t*  Whether or n o t, e x c re tio n  i s  a normal fu n c tio n  of th e
in te s t in e  in  h e a lth  i s  a  p o in t which has not as  y e t been
(1 ) «
decided. Bergeim 's work ten d s to  show th a t  phosphorus a t  /
le a s t  i s  both  absorbed from and ex cre ted  in to  the in te s t in e ,
and in  r ic k e ts  he found Ga. e x c re tio n  a lso . How, the
d is t r ib u t io n  of the  Ga. and P. recovery in  r ic k e ts  i s  very
s im ila r  to  th a t  ju s t  described  in  n e p h r i t i s ,  and a t  l e a s t  one 
( 32 )
observer, Murdoch, has noted th a t  th e re  i s  no g ro ss  d e fec t in  
absorp tion  of P. in  r ic k e ts ;  th e re fo re  i f  Bergeim’s suggestion  
of in te s t in a l  e x c re tio n  i s  co rre c t in  the  l a t t e r  d ise a se , th e re  
i s  no reason why i t  should not apply a lso  to  n e p h r i t i s .
(Phis question  of in te s t in a l  ex c re tio n  im plies th a t  th e  ^
\
excdss of Ga. and P. absorbed may be excreted  by e i th e r  th e  !
in te s tin e  or the kidney, the rou te  depending on some c o n tro ll in g
influence not a t  p resen t understood. Phat t h i s  i s  probably
co rrec t i s  shown by th e  ex c re tio n  in  d iab e te s  m e ll i tu s . Kahn 
( 24)
and Kahn in  1916 po in ted  out th a t  th e  increased  u rin a ry  ex c re tio n  
of calcium in  t h i s  d isease  has been recognised since a t  l e a s t  
1853* Phey noted a lo s s  of Ga. w ith  accompanying even g re a te r
(33 )
lo s s  of P. Kelson in  1928 found th a t  under comparable co n d itio n s , 
namely in  su b je c ts  on ketogenic d ie t ,  th e re  was excessive  lo s s  
of calcium and phosphorus. P rev iously , on an ti-k e to g en ic  d ie t ,  
these  ch ild ren  showed adequate re te n tio n  and normal d is t r ib u t io n  
of the recovered Ga. and P. but while on ketogenic d ie t  a s h i f t  
of the  major ex c re tio n  from th e  s to o l to  the u rin e  took p lace , 
the increase in  u rin ary  Ca. being p ro p o rtio n a te ly  g re a te r  than  
the P. in c rease .
P h is i s  th e  exact opposite of what i s  found in  n e p h r i t i s ,  
where the s h if t  i s  from u rine  to  faeces , again  being more marked 
in  the  case of th e  calcium.
In /
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I n  order to  o b ta in  some f ig u re s  fo r t h i s  u rin ary  type 
of ex c re tio n , two cases of d ia b e te s  m e lli tu s  (Gases 13»14) 
were observed during p erio d s w ithout and w ith  in s u l in  th e rap y .
The d ie t ,  which remained unchanged throughout both  p e rio d s , 
was so ad ju sted  th a t  during th e  non—in s u l in  p erio d  co n s id e rab le  
g ly co su ria  was p re se n t. In  the in s u l in  p erio d  s u f f ic ie n t  
in s u l in  was supplied  to  m ain tain  a t r a c e  of sugar in  th e  u r in e , 
so th a t  th e  r e s u l t s  might not be a t t r ib u te d  to  over dosage.
In  both ch ild re n  th e  re te n tio n s  of Ga. and P. were d e f in i te ly  
improved by the  a d m in is tra tio n  of in s u l in , th e  P. showing 
r e la t iv e ly  g re a te r  in c rease  (Table XXII).
The s tr ik in g  fe a tu re , however, of th e  g ly co su ria  period  
was th e  u rinary  co&tent of Ga. and P. p a r t ic u la r ly  of the  former 
(fab le  X X III). In  p lace of the normal content of about 6%  
of th e  Ga.. in ta k e , th e  u rine  in  th e se  d ia b e tic  ch ild re n  showed 
46 and 31j£, w ith marked f a l l  under in s u l in  trea tm en t t o  7*5 find.
23%  re sp e c tiv e ly . I t  th u s appears th a t  the  kidney i s  capable 
of ex c re tin g  many tim es i t s  normal output of calcium  when 
deprived of the in flu en ce , d ir e c t  or in d ir e c t ,  o f in s u l in . 
U nfortunately i t  was only p o ss ib le  to  observe th e  blood Ca. 
curves in  one c h ild , but th ese  showed in c reases  of 2 .7  and 2 .0  mgs. 
per 100 cos. o f serum in d ic a tin g  th a t  th e re  was no g re a t 
d iffe rence  in  abso rp tion  due to  th e  presence or absence of an 
in su lin  supply (fab le  X X IV ) .
The r e d is t r ib u t io n  of th e  phosphorus ex c re tio n  was not 
q u ite  so marked, but was very d e f in i te  a ls o . During the  f i r s t  
period , w ithout in s u lin , 80 and 6Q%> of th e  P. in tak e  appeared 
in  the  u rin e  showing considerab le  increase  over th e  normal 
average of 5 0 % > . When in s u lin  was supplied  th e  u rinary  P. 
output a lso  f e l l ,  accounting fo r 39 and 58%  of in ta k e . Again 
blood curves are  a v a ilab le  fo r  only one c h ild . These showed 
increases of 1 .5  2 .4  nigs, per 100 ccs. of serum, in d ic a tin g
i f  anything b e t te r  abso rp tion  during the in s u l in  period  i . e .  
during /
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during th e  period  of g re a te r  fa e c a l output*
Thus, in  t h i s  study th e re  have been i l l u s t r a t e d  th re e  
d if fe re n t  d is t r ib u t io n s  o f th e  calcium  and phosphorus u n u t i l is e d  
I by the  body. These a r e : -
( i )  the  d is t r ib u t io n  in  normal ch ild re n :
(2.) th e  increased  e lim in a tio n  by bowel in  n e p h r i t i s :  >■
|  (3) in c re a s e d  u r in a ry  e x c r e t io n  in  d ia b e te s  m e l l i t u s .
In  none of th e se  th re e  groups was ab so rp tio n  shown to  be 
fa r  removed from normal; th e  re te n tio n s  were found to  be very 
much a l ik e ;  and i t  was concluded th a t  the  d iffe ren ce  in  
d is t r ib u t io n  of the  recovery was due to  a l t e r a t io n  in  ex o re tio n .
In te s t in a l  ex c re tio n  in  n e p h r i t is :  A cting on t h i s  h y p o th esis' "" " - T' H ■—»'■' ........   11 --T—
of an abnormal type of e x c re tio n  in  n e p h r i t i s ,  and pursuing 
th e  suggestion  th a t  t h i s  tak es p lace in  the  in te s t in e ,  i t  
seemed probable th a t  i f  phosphorus was added d i r e c t ly  to  the  
c irc u la tin g  blood t h i s  abnormal e x c re tio n  would rev ea l i t s e l f  
more markedly* Brain and Kay found th a t ,  in  n e p h r i t i s ,  
in travenous in je c t io n  of sodium glycerophosphate induced a 
subnormal in c rease , and in  some in s tan ces  no in c rease , in  u rin ary  
P. w ith in  two hours. This observation  suggests th a t  e i th e r  
the increased  u rinary  ex c re tio n  in  n e p h r i t is  must be much more 
prolonged th an  in  th e  normal, or th a t  ex c re tio n  i s  ta k in g  p lace 
by the only o ther p o ssib le  rou te  -  th e  in te s t in e .  A ccordingly, 
i t  was decided th a t ,  by means of a balance study, th e  d is t r ib u t io n  
of the  output should be determined in  a s u ita b le  su b je c t, and 
th a t  subsequently , during a second balance period , in travenous 
glycerophosphate should be given. By t h i s  means i t  was expected 
th a t  any e x tra  in te s t in a l  ex c re tio n  would become ev id en t.
The choice of a sub jec t was th e  f i r s t  d i f f i c u l ty .  I t  was 
e s s e n tia l  th a t  the rena l damage should be severe and remain 
more or le s s  unchanged fo r a t le a s t  15 days, i .e *  fo r  3 p re-days, 
and two balance periods of s ix  days each. T herefore , cases of 
a c u te /
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acu te  n e p h r i t i s  could not be u t i l i s e d ,  since  th e  m a jo rity  of 
such show d e f in i te  improvement w ith in  a week of adm ission to  
h o s p ita l .  A severe chronic n e p h r i t i s  seemed th e  id e a l su b je c t, 
but in  ch ild re n  such a co n d itio n  i s  by no means common.
The c h ild , on whom the theory was u ltim a te ly  put to  th e  
t e s t ,  (Gase 1 2 ), had su ffe red  from chronic n e p h r i t i s  fo r 
sev e ra l y ea rs . 3?or some tim e a f te r  adm ission to  h o s p i ta l ,  a l l  
e f f o r t s  to  determ ine h is  re te n tio n  f a i le d  because o f vom iting, 
and when a t  l a s t  t h i s  was su c cessfu l, h is  co n d itio n  had improved 
considerab ly . He s t i l l  showed album inuria, amounting to  one 
part Esbach, w ith some haem aturia and th e  presence of occasional 
g ranular c a s ts ,  but h is  U.P.N. had re tu rn ed  to  a more normal 
le v e l o f 4 4 .6  mgs.%. The d ie t  co n s is te d  la rg e ly  of f r u i t  and 
vegetab les, since m ilk seemed of i t s e l f  to  induce vom iting. The 
procedure was id e n tic a l  w ith  th a t  followed in  the  o th er balance 
s tu d ie ^  as were th e  methods of a n a ly s is . During th e  second 
period he was given in travenously  an average of 8 .5  cos. of 
sodium glycerophosphate so lu tio n  (approx. 12% )  on each of th e  
f i r s t  f iv e  days, so th a t  a period  of 44 hours in tervened  between 
the l a s t  in je c t io n  and th e  end of th e  balance p e rio d . This 
was planned to  allow  of a l l  the  in je c te d  P. being ex cre ted .
I The.phosphorus conten t of the in je c te d  so lu tio n  was determ ined 
on several d if fe re n t  samples.
During the  f i r s t  period  low re te n tio n s  of both CaO and 
were found (fa b le  XXV), which i s  not su rp ris in g  when th e  low 
i in take i s  considered . The d is t r ib u t io n  of th e  output was very 
much as in  normal ch ild ren  and e n t i r e ly  d if fe re n t from th a t  
found in  even convalescent acute n e p h r it is  (fab le  XXVII). Of 
the Ga. in take 1 2 . 8% was excre ted  by the u rin e , while the  ren a l 
output of P. amounted to  57% ‘tile phosphorus in ta k e .
In  the  second period , when P. was given in trav en o u sly , the
balances of both GaO and P̂ Ot̂  became nega tive . The in je c te d
phosphorus was e n t ire ly  excreted  to g e th e r w ith some a d d itio n a l P. 
and/
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and was accompanied by inc reased  ex c re tio n  o f calcium  (Sable 2XVI). 
She u r in a ry  Ca* remained unchanged, but th e  P. co n ten t was 
in c reased , amounting to  'J d fo  o f the  in tak e  -  d ie t  + in je c te d  
phosphorus* There was inc reased  fa e c a l P. w ith  a t  th e  same
tim e increase  in  fa e c a l Ca.
(1 2 )
Greenwald and Gross found th a t  in  dogs th e  amount o f e x tra  
e x c re tio n  a f te r  Ca. and P. in je c t io n s  varied , but advanced no 
ex p lan a tio n . Hone i s  apparent here e i th e r ,  s ince  the  u r in a ry  
in c re ase , amounting to  0 *45^^ S111* raore th an  compensated fo r
th e  in je c te d  qu an tity  of 0 .29  S111
Prom th e  poin t of view of i t s  sp e c if ic  purpose, t h i s  
in v e s tig a tio n  was a f a i lu r e .  She reasons fo r t h i s  have been 
in  p art p resen ted  above, namely the occurrence of c l in ic a l  
improvement before th e  balance could be determ ined, and the 
fa c t th a t  a d ie t  o f low Ca. and P. content had to  be employed.
An a d d itio n a l reason became apparent only a f te r  a n a ly s is  of the 
output during  th e  f i r s t  period , namely th a t  the  i l l n e s s  had been 
so fa r recovered from th a t  a normal d is t r ib u t io n  of e x c re tio n  
was found. I t  was im possible to  a n tic ip a te  t h i s ,  and th e re fo re  
i t  i s  claimed th a t  w ithout fu r th e r  in v e s tig a tio n , in  view of the  
evidence p rev iously  d iscussed , the theory of in te s t i n a l  e x c re tio n  
in  n e p h r it is  need not be abandoned. Since i t  appears, from 
both n e p h ritic  and d ia b e tic  u rin ary  co n ten ts , th a t  the  Ca. 
excre tion  i s  the  more re a d ily  in fluenced , probably i t  would be 
b e t te r  to  co ncen tra te  fu tu re  e f f o r ts  on the e x c re tio n  of calcium  
given in travenously . A fu r th e r  opportunity  fo r  such study has 
not been p resen ted .
Two p o in ts  brought out by th e  above in v e s tig a tio n  a re , 
however, o f v i t a l  im portance. P i r s t  of a l l  i t  i s  c le a r ly  
demonstrated th a t  in  man Ca. and P. ex c re tio n  by the in te s t in e  
can occur. The reason fo r the  in te s t in a l  ex c re tio n  of 
calcium in  t h i s  instance i s  not a t  a l l  obvious, and i t  can 
only be suggested th a t  i t  occurred as a r e s u l t  of and possib ly  
in /
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in  com bination w ith th e  ex c re ted  phosphorus. Secondly, i t
appears th a t  in c reased  e x c re tio n  in  response to  r i s e  in
0
blood con ten t o f P . ,  i s  not a c cu ra te ly  c o n tro lle d , in  t h i s  
case over-com pensating fo r the abnormal amount in  the  c irc u ­
la t io n  w ith consequent production  o f a n ega tive  balance . f h i s  
may be in te rp re te d  as another in d ic a tio n , th e  blood curves 
supplying the  f i r s t  one, th a t  th e  co n tro l of phosphorus 
metabolism i s  not governed by a mechanism of extreme d e lica cy . 
I t  supports the  in fe ren ce , drawn from the  ex c re tio n  in  v ario u s 
s tag es of n e p h r i t i s ,  th a t  adjustm ent of th e  r a te  o f ex c re tio n  
i s  a lengthy p rocess. O therwise, why should an a d d itio n a l 
supply of P. over th a t  which was shown to  su ff ic e  fo r a 
re te n tio n , lead  to  the  estab lishm ent of a nega tive  balance?
I t  has a lready  been emphasised th a t  th e  in c rease  in  u rin a ry  
ex c re tio n  alone was more than  s u f f ic ie n t  to  account fo r th e  
excess o f phosphorus in je c te d  (fab le  XXVI), and even i f  th e  
in te s t in a l  ex c re tio n  be ignored, fa u lty  re g u la tio n  of 
excre tion  i s  apparen t.
Likew ise, the  ca lc iu m -reg u la tin g  mechanism cannot be j?
well coord inated . In  each period , p re c ise ly  the same amount 
of Ca. was excreted  by th e  u rine  in  s p ite  of th e  fa c t th a t  
during the second period  th e re  was increased  Ca. lo s s  by 
bowel. B o  attem pt was made to  compensate fo r  t h i s  by a  
reduction  of th e  u rin a ry  ex c re tio n , and i t  th e re fo re  must be 
concluded th a t  u rin ary  and in te s t in a l  ex c re tio n s  a re  not 
wholly in terdependen t, although the^  may give the im pression 
of being so when la rg e r  q u a n ti t ie s  are under co n s id e ra tio n  
in  the case of the  balances in  d iab e te s  m e llitu s .
In  l ig h t  of t h i s  cohclusion , th a t  th e re  i s  no c lo se  
cooperation in  a c t iv i ty  between th e  two ex c re to iy  channels, th e  
kidney and the  in te s t in e ,  an exp lanation  of th e  v a r ia t io n  in  
the Ca. and P. balance observed in  n e p h r itic  c h ild re n  becomes 
much/
-59-
much more f e a s ib le .  I f  in  acu te  n e p h r i t i s  i t  be g ran ted  
th a t  e x c re tio n  by bowel occurs, p o ss ib ly  as  a r e s u l t  of 
dim inished u rin a ry  e x c re tio n , then  w ith  a  somewhat d u ll  ;
re g u la tin g  mechanism t h i s  in t e s t i n a l  a c t iv i ty  would not be 
expected to  decrease in  p ro p o rtio n  as th e  u rin a ry  output 
in c reased . Only when ren a l e f f ic ie n c y  had improved to  a  
considerab le  degree would th e re  be d im inution  in  in te s t i n a l  
ex c re tio n , so th a t  in  e a r ly  convalescence th e  s i tu a t io n  
would be as fo llow s. E xcre tion  by bowel during the  acute 
period  must have been s u f f ic ie n t  to  m ain tain  th e  normal 
balances of Oa. and P. found in  t h i s  s ta g e . When ren a l 
ex c re tio n  began to  improve, no compensatory f a l l  in  in te s t in a l  
a c t iv i ty  occurred; th e  balances were reduced, and provided 
a s u f f ic ie n t ly  rap id  recovery of th e  kidney, negative balance® 
were the  in e v ita b le  r e s u l t .
In  th re e  of th e  fou r repea ted  balance^ s tu d ie s , in  Oases 9» 
5 , and 8 th e  re te n tio n s  and d is t r ib u t io n  of e x c re tio n  c lo se ly  
agree w ith  t h i s  con jec tu re  (Table XXL). In  th e  o ther two 
su b jec ts  in  whom negative balances were found (Gases 10 & 11), 
th is  seems to  have been th e  mode of t h e i r  p roduction . A ll
five c h ild re n  were examined during e a rly  convalescence.
S t i l l  continuing  the same idea, i t  might be expected th a t  ■ 
in  la te  convalescence, when the re g u la tin g  mechanism had been 
given tim e to  e f fe c t  th e  necessary  adjustm ent in  in te s t in a l  
ex cre tio n , the  re te n tio n s  of Ca. and P. would have re tu rn ed  
to  a more normal le v e l .  The l a t e r  p erio d  of Case 3» th re e  
months a f te r  the acute i l l n e s s ,  shows t h i s  to  be a  c o rre c t 
fo recas t (Table XXI).
In  the  case of chronic n e p h r i t is  w ith permanent ren a l 
in e ff ic ie n c y , the  ex c re tio n  would be a n tic ip a te d  mainly from 
the bowel, and of such magnitude th a t  a normal re te n tio n  
would r e s u l t .  Cases 4 a^d 6 provide examples of t h i s  type 
of d is t r ib u t io n . (Tables V & XVII).
Thus/
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Thus the  main f a c to r  in  th e  de te rm ination  of the  balance 
would seem to  be th e  tim e e lap s in g  between th e  onset of c l in ic a l  
improvement and the date of th e  observa tion  p e rio d . At p rdsen t 
no suggestion  can be advanced as to  th e  mode of a c tio n  of t h i s  
reg u la to r  of e x c re tio n , since th e  a c tio n  of the  re g u la tin g  
mechanism in  h e a lth  i s  q u ite  unknown. One p o in t in  regard  to  
i t  seems however, from th e se  n e p h r it ic  o b se rv a tio n s , to  be 
qu ite  d e f in i te ,  th a t  i s  la ck  of r e s i l ie n c y , a considerab le  
stim ulus being req u ired  to  a l t e r  th e  main channel of e x c re tio n , 
and t h i s  having been accom plished, an eq u a lly  g re a t stim ulus 
being req u ired  to  induce a re tu rn  to  the  normal d is t r ib u t io n .
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V I.
genera l C onsiderations.
In  the  in tro d u c to ry  sec tio n  of t h i s  paper i t  was 
in d ica ted  th a t  p rev ious workers found an a o id o tic  co n d itio n  
in  n e p h r i t i s .  For many years i t  has been recogn ised  th a t  
th e  increase  in  serum inorganic phosphorus v a r ie s  w ith  th e  
degree of a c id o s is , and th a t  m an ife s ta tio n s  of the d isease , 
other than a c id o s is , have l i t t l e  e f f e c t  on the le v e l of the  
inorganic P. The o r ig in  of t h i s  upset of ac id -b ase  
equ ilib rium  in  ren a l d isease  has been a t t r ib u te d  to  th re e  
fa c to rs , r e te n tio n  of phosphorus, f a i lu r e  of th e  kidney to  
p ra c t is e  fix ed  base economy, and re te n tio n  w ith  p o ssib ly  
over-production  of organic a c id s . The r e s u l t s  of the 
presen t in v e s tig a tio n  a l t e r  t h i s  conception very considerab ly .
<36)
■ Salvesen, in  a paper on ”th e  serum e le c t ro ly te s  in
ren a l d isease1*, d iscussed  th e  cau sa tio n  of t h i s  a c id o s is ,
and concluded th a t  11 phosphate re te n tio n ” played a very minor
p a r t .  This opinion was based on the  observation  th a t ,  a f te r
in je c tio n  of la rg e  amounts of phosphate, no change in  pH
of the  blood was noted , and he th e re fo re  la id  more s t r e s s  on th e
remaining fa c to rs , f a i lu r e  of th e  kidney to  p ra c t is e  fix ed  base
economy and re te n tio n  of organic a c id s . Boyd, Courtney and 
(4 )
MoLachlan suggested th a t  ”th e  evidence of phosphate re te n tio n  
given by blood and balance s tu d ie s  does not always ag ree” , 
and the s e r ie s  of eases rep o rted  in  th i s  study shows d e f in i te ly  
th a t in  acu te n e p h r i t is ,  in  which the a c id o s is  is  g en e ra lly  
found, th e re  i s  no re te n tio n  of phosphorus. I t  th e re fo re  
seems th a t  re te n tio n  of P. must be abandoned as a causal 
fa c to r , and i t  remains to  show what l ig h t  can be thrown on 
the  question  of excessive lo s s  of fixed  base.
In  d iab e te s  m e llitu s , and in  ch ild ren  on ketogenic d ie ta ry
trea tm en t, th e re  i s  d e f in i te  ac id o s is  which i s  accompanied by
la rg e  increase  in  u rin ary  output of calcium , and i f  the balance




th e  Sidney. The same cannot be s a id  about n e p h r i t i s ,  in  
which u rin ary  ex c re tio n  of Ga. i s  d im inished. As the  
sev erity  of the  n e p h r i t is  in c re a se s , the u r in a ry  calcium  
decreases i . e .  as the  a c id o s is  becomes more severe , th e  
u rin ary  evidence of a c id o s is  d im in ishes. Ho re fe ren ce  has 
been found to  the  occurrence of an a c id o s is  during convalescence, 
yet in  t h i s  stage of th e  i l l n e s s  the p resen t study has shown 
th a t  the re n a l a c t iv i ty  i s  very s im ila r  to  th a t  found in  the  
more acute phase. I t  has been shown th a t  th e  r e te n tio n  of 
calcium i s  decreased during convalescence. In  o th er words, 
th e re  is  " f a i lu re  of fixed  base economy" as regards Ga. 
during t h i s  p eriod , but th e  kidney i s  not th e  main channel 
of ex c re tio n , and th e re fo re  i t  must be concluded th a t  any 
such f a i lu re  i s  not a sso c ia ted  w ith n e p h r itic  a c id o s is , The 
o ther fix ed  bases, sodium and potassium , were not estim ated , 
but so f a r  as calcium i s  concerned th e  question  seems to  be 
d e f in i te ly  s e t t le d .
She p o s itio n , then , i s  th a t  n e p h r itic  a c id o s is  may be 
due to  excessive ren a l ex c re tio n  of sodium and potassium  
combined w ith re te n tio n  of organic a c id s . I t  i s  obvious th a t  
n e ith e r  re te n tio n  of P. nor excessive lo s s  of Ca. play any 
p art in  the  production  of th i s  a c id o s is , and from the decreased 
u rinary  output of th e se  substances, during th e  p erio d  when 
ac id o s is , i s  commonly assumed to  be most severe, i t  i s  ev ident 
th a t  th e re  must be very considerab le fundamental d if fe re n c e s  
between th e  reac tio n s  of the body to  the ac id o s is  of ren a l 
d isease and th e  re ac tio n s  in  o ther cond itions of upset of 
acid-base equ ilib rium .
Another po in t of importance emerging from t h i s  in v e s tig a tio n  
is  the p a ra lle lism  ex h ib ited  by calcium and phosphorus. T h is 
i s  e sp e c ia lly  w ell shown by the  graph of th e  balance s tu d ie s  
(Chart I I )  in  which re te n tio n s  or lo s s e s  of GaO and PgO^ were, 
alm ost/
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almost in v a ria b ly , approxim ately eq.ual* ^ h is  a lso  i s  in  
d ire c t o p p o sitio n  to  prev ious opinion which, as  has been 
freq u en tly  po in ted  ou t, affirm ed r e te n tio n  of P. and lo s s  
of, Ca* I t  i s  noteworthy th a t  in  th e  ch ild  who was given 
in travenous phosphate, when the  balance was reduced,
an accompanying f a l l  was observed in  th e  CaO balance. Phe 
ex tra  phosphorus was excre ted  by the kidney, th e  e x tra  
calcium by th e  in te s t in e ,  so th a t  in c reased  re te n tio n  or 
ex c re tio n  o f the  one seems to  demand a s im ila r  v a r ia t io n  
in  th e  metabolism of th e  o th e r. Ho exception  to  t h i s  
general p r in c ip le  has been rep o rted  in  any s e r ie s  of w e ll-  
conducted balance observa tions, and although th e  s ig n ific a n c e  ( 
of the  r e la tio n s h ip  cannot be ap p rec ia ted , i t  i s  su re ly  more / 
than  a mere coincidence.
I t  i s  apparen t, then , th a t  the metabolism of calcium  and 
phosphorus in  n e p h r i t is  su f fe rs  from considerab le  derangement, 
n e c e ss ita t in g  v ario u s ad ap ta tio n s , and i s  of a much more 
complex natu re  than  has been in d ica ted  by p rev ious in v e s tig a tio n s .
V II.
Summary.
(1) Blood serum. £he observations of t h i s  study confirm  those 
of previous workers, showing an in c reased  serum inorgan ic  
phosphorus and decreased serum calcium in  n e p h r i t i s .  In 
sev e ra l cases the re tu rn  of both to  more normal le v e ls  i s  
dem onstrated by frequen t es tim a tio n s throughout the  course 
of the  i l l n e s s ,  and th e  rev erse  i s  a lso  i l l u s t r a t e d  by 
a c tu a l observations during the development of n e p h r i t is .
T h e  s im ila r i ty  of the  v a r ia tio n s  in  blood S.P.N . and serum 




(2) B alances. She r e s u l t s  of Ca* and P. s tu d ie s  in  eleven  
n e p h r itic  c h ild re n  are  considered  in  d e t a i l ,  and c o n tra s te d  
w ith those in  th re e  co n tro l cases , and two cases of d ia b e te s  
m e lli tu s . The n e p h r itic  balances a re  p o s it iv e  and vary 
w ith in  n o m al l im i ts  except in  the convalescent s tag e , in  
which decreased and negative  balances are  found. The 
re te n tio n  i s  shown to  be q u ite  unconnected w ith th e  serum 
le v e l ,  both  as regards calcium  and phosphorus, and to  have 
no r e la t io n  to  th e  dim inished u rin a ry  o u tpu t. In  a l l
the  balances determ ined, i r re s p e c tiv e  of whether th e re  i s  
re te n tio n  or a negative balance, the  CaO and P jjO  ̂ f ig u re s  
are  approxim ately equal. I t  i s  th e re fo re  suggested th a t  
th e  theory of wre te n tio n w of phosphorus and d e fic ien c y  o f 
calcium is  no longer te n a b le .
(3) A bsorption . A.Phosphorus. A study of the  ab so rp tio n  in  
normal and n e p h r itic  ch ild ren  by means of blood curves i s  
rep o rted , showing th a t  phosphorus i s  w ell absorbed in  
n e p h r it is .  This conclusion i s  based on the  observa tion  
th a t  in  twenty-two n e p h r itic  curves th e  average in c rease  
i s  comparable w ith  th a t  in  n ine co n tro l ca rv es , and on the 
fa c t  th a t  n e i th e r  th e  stage of th e  i l l n e s s  nor th e  presence 
of any p a r t ic u la r  m an ife s ta tio n  of ren a l d isease  has a 
constant e f fe c t  on the  ra te  and ex ten t of in c rease  in  the 
phosphorus curve. I t  i s  shown th a t  the r e te n tio n  of
and th e  amount of P2°5 excre ted  by th e  u rine  are  not 
dependent on the  degree of a c t iv i ty  of abso rp tion  as  shown 
by the  phosphorus curve.
B.Calcium. A s im ila r  in v e s tig a tio n  of ab so rp tio n  i s  
considered in  d e ta i l .  The average inc rease  in  26 serum 
calcium  curves i s  exactly  equal to  th e  average in c rease  in  
9 normal curves, thereby  showing th a t  abso rp tion  i s  
adequate. Considerable evidence i s  p resen ted  of upset 
o f /
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o f th e  i n t e r n a l  m etabo lism  o f  Ga. , g iv in g  r i s e  t o  
abnorm al ty p e s  o f  c u rv e . ^ h ese  a r e  c l a s s i f i e d  a c c o rd in g  
to  t h e i r  ap p ea ran ce  when g raphed  a s  t h e i r  s ig n i f ic a n c e  
h as  n o t been a p p re c ia te d .  Oftiere i s  no r e l a t i o n s h i p  
betw een th e  a b s o rp t io n  o f G a ., a s s e s s e d  from th e  in c re a s e  
in  th e  Ca. c u rv e , and e i t h e r  th e  GaO b a la n ce  or th e  u r in a r y  
e x c r e t io n  o f  GaO.
(4) E x c re t io n . r£he o b s e rv a t io n s  o f  p re v io u s  w o rk e rs , t h a t  
th e r e  i s  d im in ish e d  e x c r e t io n  o f  ca lc iu m  and phosphorus 
in  th e  u r in e  o f  n e p h r i t i c  s u b je c t s ,  i s  co n firm ed ; and th e  
c o n c lu s io n  drawn t h a t  t h i s  i s  a cco u n ted  f o r  by im pairm ent 
o f  r e n a l  fu n c tio n *  Phe. l a t t e r  i s  shown t o  a f f e c t  c a lc iu m  
to  a  much g r e a te r  deg ree  th a n  pho sp h o ru s , th e re b y  
e x p la in in g  th e  d iv e rg en ce  o f p re v io u s  o p in io n s  a s  to  
im pairm ent o f  phosphorus e x c r e t io n .
I t  i s  c l e a r l y  d em o n stra ted  t h a t  th e  d e c re a se  i n  
u r in a r y  c o n te n t o f Ga. and P . i s  accom panied by r e l a t i v e  
and a b s o lu te  in c re a s e  in  f a e c a l  c o n te n t  o f b o th , and in  
view  o f  th e  f in d in g  o f s a t i s f a c t o r y  a b s o rp t io n  o f  Ga. and P . ,  
th e  p r o b a b i l i ty  o f com pensatory i n t e s t i n a l  e x c r e t io n  in  
n e p h r i t i s  i s  c o n s id e re d . By c o n t r a s t  o f  th e  norm al 
d i s t r i b u t i o n  o f e x c r e t io n  w ith  t h a t  found in  n e p h r i t i s  and 
in  d ia b e te s  m e l l i tu s ,  p resum ptive  ev id en ce  o f an i n t e r ­
c h a n g e a b i l i ty  o f th e  m ajor p a r t  o f  the  Ga. and P . e x c r e t io n  
betw een kidney and i n t e s t i n e  i s  o b ta in e d . An a tte m p t to  
prove t h i s  th eo ry  o f i n t e s t i n a l  e x c r e t io n  in  n e p h r i t i s  i s  
d e s c r ib e d , and th e  re a so n s  fo r  i t s  in co m p le te  su c c e ss  a re  
d e ta i l e d .  I t  i s  shown t h a t  e x c r e t io n  o f  ca lc iu m  by bowel 
can c e r t a in ly  occu r in  co n v a le sce n ce , and an e x p la n a t io n  
i s  advanced o f  th e  low p o s i t iv e  and n e g a tiv e  b a la n c e s  
found i n  t h i s  s ta g e  o f  th e  i l l n e s s .
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A cid o s is . !Phe accepted ex p lan a tio n  of a c id o s is  in  ren a l 
d isease  i s  d iscussed  in  l ig h t  o f th e  r e s u l t s  of t h i s  study . 
R e ten tio n  of phosphorus and excessive lo s s  o f calcium, are  
d e f in i te ly  d is c re d ite d  as  causa l f a c to rs ,  and i t  i s  shown 
th a t  th e  re a c tio n  of th e  body to  n e p h r it ic  a c id o s is  d i f f e r s  
m a te r ia l ly  from th e  re a c tio n  to  o ther forms of a c id o tic  
d is tu rb an ce .
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Stable I .
C ontrol s e r ie s  o f o b serva tions 
in  ch ild re n  convalescent from i l ln e s s e s  
o ther th a n  n e p h r i t is .
Condition
Age in  
y ears .
Serum Ca. 
in  mgs. per
Serum P. 
100  ocs.
Alopecia a re a ta 14 1 0 .0 4 5*4
Rheumatism 12 — 5
Alopecia a re a ta 11 9*95 4 -28
« B 10 9 -1 2 .66
Chorea 10 9-91 4-75
Rheumatism 10 9 .6 5
MeLena 10 9 .6 2 4 .6 1
B a n ti 's  d isease 10 1 0 .8 3 .2 2
1 0 .3 5 3
ffr'fihHohTs syndrome 9 1 0 .2 2 5-33
Rheumatism 9 9-76 5-71
» 9 8 .9 5.33
Alopecia a re a ta 8 9 .6 5 4 .8
» tt 8 — 6
I l e o - c o l i t i s 8 9-71 6 .3 1
Rheumatism 7 1 0 .9 4-7
Alopecia a re a ta 7 11*4 5
Purpura 6 10 4-61
Chorea 6 . 10 .38 4-8
Average 10.01 4-75
$&ble I I .
S e r i a l  o b s e rv a t io n s  o f  serum  Ga. 
and in o rg a n ic  P in  n e p h r i t i s .
Age in  
years
Serum Ca. Serum P.
C lin ic a l N otes.in  mgs. per lOOccs.
Acute n e p h r i t i s 1 z h 11 .9 4.13 on adm ission
IO .3 4 6 1 wk. l a t e r
1 0 .4 6 5* 21 4 months l a t e r .
10.85 5 5 M « -  w e ll.
Acute n e p h r i t is 11 8 .8 8 4
 ̂ -s
on adm ission
9 6 .6 6 a weeks l a t e r
8 . 6 s 5.85 5 11 11 improving
Acute n e p h r i t is 11 9.56 3-*convalescent 9-43 4*28
10.54_ 5.71 w ell.
Uraemia 9 8.54 4*89 1 d y .a f te r  convulsions.
9*86 5*1 almost w ell.
Acute n e p h r i t is Bi 9.5 5.2 on adm ission
9 .2 1 4 . 2 weeks l a t e r
1 1 .6 4 .6 3 »« «
1 1 .6 _5*_45 __ 7 ? *! almost weljl
Acute n e p h r i t i s 8 7*91 5*66 oedema ++
.. 9.27........ 5*15 3 weeks l a t e r .
Acute n e p h r it is 7 9 * 77 5*45
9 .6  . 5..21....
Acute n e p h r i t is 6i 8.07 5.33 ? s l ig h t  oedema
10.17 4 .4 4 10 days l a t e r
— 4-7 15 ” «
1 0 .8 4.51 4 weeks l a t e r  -  w ell.
ienal dwarfism 64 10.19
11 .06 4.6 8 weeks l a t e r .
Acute n e p h r i t is 6 10 .61 4*89 on adm ission
9 .6 4 4*8 2 weeks l a t e r
10.31 4-8 2i  " »
— 5 4 ” «
9*77 4 7 n «
9 . 8 1 _____ 5 ...... 11 “ — w ell
Acute n e p h r it is 6 7.76 4*7
9 .2 8 6 .1 5 2& weeks l a t e r .
— 5.45 __ 6  « n
Acute n e p h r i t is 6 7 .6 6 5*45 on admission
2*33 6 1 week l a t e r
8.57 _ 6 _4 M ** — re la p se
Acute n e p h r itis 5 9*95 6 oedema +++
9 .11 7 .06 2 dy s. l a t e r :  le s s  oedems
9.74 4 .8 4 weeks « -  w ell.
Acute n e p h r it is 4 9 .91 6
convalescent 9 .41 — 5 weeiLs l a t e r
q . 8l  _ 4.8 q n u
Acute n e p h r it is oedema +++
\ h
9 1 w t̂ek la ^ e r
Eable I I I .
f£wo c a se s  show ing th e  in c re a s e  o f serum 
Ga. and A e cre ase  o f  serum in o rg a n ic  P . 
d u r in g  rec o v e ry  from a se v e re  a t t a c h  o f 
n e p h r i t i s .
i
i ' S l
Subject
Age in  
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S e r .P .
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A cute u raem ia  -  c o n v u ls io n s
1 day l a t e r  -  improved 
1 « « «
2 ** ” convu ls ions ag a in
3 ” « 11 s topped .
7 « 11 im proving
2 weeks ” *'
7 « 11 a lm ost w e ll
9 11 11 w e ll.__________ _
very  i l l :  v o m itin g . 










I . S . 2.
P .P .(A .B .C .)
much improved
f a i r l y  w e ll 
w e ll:  album inuri<
b lood  N .P.N . and 002*
E ab le  IV
Showing d e c re a se  in  serum Ga. ar 
in c re a s e  in  serum in o rg a n ic  P du 
developm ent o f  r e n a l  d is e a s e .
Ld
Lring
Age i f  
v e a r s
.Ser.G a. 
m/rs* ^




; Case 4 
Chronic 













v e ry  i l l :  oedema ++
I  day l a t e r :  worwe
I I  days M : 3 days b e fo re
















no a lb u m in u ria  
2 weeks l a t e r :  much better 
4 « w oedema & 
a lb u m in u ria  
9 wks. l a t e r  oedema A 






- - h aem atu ria  gone, developed  a lb u m in u ria  
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a ra b le  V I I
S u b je c t
S o r • Ca • 
i n  mgs. 
p e r  
100 c o s
CaO r e t e n t .
in  gms. 
p e r  k i l o  
p e r  day.
S e r .In o rg .
P . in  
mgs. p e r  
100 o c s .
EOb r e t e n t , 
i n '  gms. 
p e r  k i l o  
p e r  day.
BLHJSQST 
In  mgs. 
. p e r  . 
lOOCGS
jauGir
in  mgs 
,,per r  
100ccs
Oedema
Case 1 9 + .077 6 .6 6 +.096 45-4 325 —
Case 2 7 .7 6 + .057 4.7 + .068 67 360 —
Case 3 10.34. + .0 5 4 6 + .058 43 320 —
.10.46 + .048 5 . a +.053 50 320 —
Case 4 5 .8 2 +.044 12 + .054 343 410 ++
Case 5 8 .1 4 + . 042 3-87 + .038 60 370 +
9 -2 4 +•023 4-8 + .014 50 320 —
Case 6 1 0 .1 9 +*035 4-6 +*039 86 365 —
Case 7 9 .9 1 + . 025 6 + » 02 46 300 —
Case 8 1 0 .6 1 + .025 4 .89 + .017 57 350 +
9-77 - .0 1 3 4 + * 0003 48 340 —
Case 9 9-21 +.0033 7 .0 6 +.OOO83 37 "5 320 +
9 -7 4 - .0 0 1 7 4*8 - . 0 2 2 5 —
Case 10 8 .07 -.0 0 0 0 7 5*33 - . 0 1 4 36 320 +
Case 11 9 .7 1 - .0 1 7 4 - .0 1 6 46 280 —
arable V III.
S u b je c t Age C o n d itio n
In o rg .P . in  m gs./lO O ocs i 
a f t e r  N&HgPO/ gms. IV 
W n r e  1 h r .  2 h is  4 h r s
serum
Marino.
C l in ic a l  Notes
Qase 16 6 Chorea 4 .8 8 7*7 6 .6 3*2
w e ll
Et.G. 12 Chorea 5 7 .0 6 6 .4 8 6
2.06 w e ll
J . s 1. 9 Chorea 5*33 7 .0 6 6 .41
5*85 1*73 w e ll
J .S . 10 M elena 4 .61 5.71 5.85 5*33
1 .2 4 w e ll
Case 15 7 l i e  0—c o l i t i s 6 .31
8 .16 6 .8 6 6*66 1 .8 5 w e ll
Case 17 6 B ro n c h it is 5*85 8 8*57
7*4 2 .72 c o n v a le sc e n t
G.P. 7 Bheumat ism 4*7 5*45
5 .1 5.02 0 .75 w e ll
A.S. 10 it 5 5*48
6 .31 - 1 .3 1 w e ll
J .R . 9
"S
tl 5 .? ! 7 .06 6 .31 — 1*35
w e ll.
T a b le  H .
Subject Age i n  
y e a r s .
C o n d itio n P . in  
Before
m gs.per lO ^oos.serum  a f t e r  IIaHpPO4_gn1s.lv.
1 h r  21n s 4 h rs  5 h is  7 l ir s  ct-lOhrs iW ih r i
C.P. 7 Bheuiiiatism 4 .7 5-45 5*1 5 .02 — 5*2 5 .6 —
1*S. 10 u ii 5 5*48 6 .3 1 — — — - 5 .21
J *5 * 9 it it 5-71 7-06 6 .3 1 — — — - 5.77
If.W. 8 Cardiac u 5 6 .3 1 6 .6 6 5*85 — 5-45 - -
Case 14 6 f D ia b e te s
M e l l i tu s 4 -61 6*66 6 .8 5 7 .0 6 - 5
f a b le  XI
Arranged in  order of th e  increase 
in  P. curve
S u b je c t
In c re a s e  in  curve 
nags. in o rg .P ./lO O  
c c s .  serum .
P g O ^ re ten tio n  
gm s.per k i lo  
p e r day
%  o f  P2O5 in ta k e  
e x c re te d  by 
u r i n e .
Case 8 ( 1 s t  p e r io d ) 2.65 +.0003 37*6
Case 1 2.6 +*096 37*5
Gase 3 (2nd p e r io d ) 2*3 +•053 53*8
Case 8 ( 1 s t  » ) 2.05 +.017 30.3
Case 3 ( 1 s t  11 ) 2 + • 0 VJ
l CO 27.8
Case 9 ( 1 s t  « ) 1 .8 +.0008 33*6
8 ( end « ) 1*7 -.0225 42*5
Case 5 ( 2nd « ) 1.65 +.014 32*5
Case 7 1 .0 5 +.02 42.9
Case 11 0*7 -.0 1 6 27*7
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£& ble X II .
Subject
Age i n  
y e a r s . C o n d itio n
Serum C a .in  m g s.p e r 100 ocs 
a f t e r  C a .L ac t.gm s.IV  
B efo re  2 h r s  4 h rs  6 h r s .  Incr. C l in ic a l  Ifo tes
Case 16 6 C horea IO .38 11 .41 1 1 .5 10 .72 I .0 3 w e ll
J .F . 9 Bheumat ian 8 .9 10 9 .24 9*08 1 .1 w e ll
J.S. 10 n 9 .6 2 10 .95 1 0 .1 10 .05 1*33 w e ll
Case 15 7 I l e o - c o l i t i s 9 .7 1 10*1 1 0 .2 10 0 .49 w e ll
Case 17 6 B ro n c h it  i s 9 .6 2 11 .05 10 .3 1 0 .1 1 .43 c o n v a le s c e n t
A.S. 10 Bheum atism 9*6 1 0 .1 4 9*86 9*77 0 .5 4 w e ll
J.B* 9 n 9*76 10*7 9 .8 6 9 .8 6 0 .9 4 w e ll
Q!able XIV
Subject
In c re a s e  m  
serum Ca. curve 


































CaO r e t e n t i o n  
in  gms, 
p e r day
+  -035 





- .0 1 3
+ .042
+  .0033 
- .0 0 1 7
+  .048
+  .025 
4  .044
fo  o f  CaO in ta k e  
e x c re te d  by 
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£ a b le  XV
S u b ject
in c r e a se  in  
Serum Ca. curve  
in  m&s./lOOccs
Ca6 r e te n t io n  
in  gms. / k i l o  
per day
% o f  CaO in ta k e  
- e x c r e te d  by 
u r in e
Case 15 0*5 *087 7*6
Case 16 I .0 3 .042 4*7
Case 17 1.43 .037 7*1
M l e  XVI -  C on tro ls





in  gms 
per day
o f  CaO
urine  
1 a s  ^  of 
1 in tak e
Intake of 
P^Or in  
gm s./d ay
Output 
in  u 
in  gms 
per da^
ofPgOR 
r in e  
as % oi 
in tak e
Urine 
v o l . i n  
ccs./day
Case 15 3*1 .2362
1
7*6 4 .4 2.147 4 8 .8 1 ,5 0 2
Case 16 2 .87 •135 4 .7 3 .8 3 1 .2 6 33 1 ,207
Case 17 2 .325 .166 7*1 3-3 1 .4 0 8 42 .7 1 ,1 2 8
S. f 2 .4 .0603 2 .? 3-3 1 .7 1 8 $2 .07 886
c .  2 2 .7 4 .217 7*5 3*96 1 .3 5 2 34*1 1 ,2 0 7
G. 2 .8 8 .2 0 1 6 .9 3-96 1 .6 5 41*6 1 ,2 7 0
R£cH. 2 .179 8 .9 6 2 .7 5 1-536 55*8 800
P. 2 . 4 •147 6 .1 3-3 1*798 54*5 970
D. 2 .8 .172 6 .1 3*85 2*44 6 3 .0 3 1 ,2 8 3
a. 2 .8 • 255 -9*1 3*85 I .5 8 6 4 1 .2 1 ,3 0 0
Average 6.656 4 6 .6 8
l a b l e  X VII 
N e p h r itic s
S u b je c t
In ta k e  o f  
CaO gins, 
p e r  day
b u tp u  
i n  u 
i n  gin 
per da.
t  o f  CaO 
r in e
si a s  % a £  
y| in ta k e
Cntake oi
lo O c  i n
SttB /aay
O utpu t 
i n  
i n  gms 
per day
o f
u r in e  ^ 
a s  %  o f  
in ta k e
U rin e  
v o l . i n  
. c o s /d a y
Case 1 4*65 .0 4 4 . 9 4 6 . 5 4 2*45 3 7 -5 1 ,8 8 1
C ase 2. 3*234 • 039 1 .2 4 .5 3 6 1 .6 9 3 7 .2 1 .5 7 3
Case 3 I . 4 -8 .087 1 .8 6 .6 1 .8 4 2 7 .8 2.033
“ 2. 3*84 .136 3-5 5*67 1 .9 2 3 3 .8 1 .7 5 0
Case 4 2 .7 .D e i .8 3*78 •32 8 .4 692
Case 5 I* 2.295 .063 2 .7 3 .2 1 6 1 .0 2 31-7 2 ,7 5 0
2. 2 .212 .0 3 8 1*7 2 .8 8 4 .938 3 2 .5 903
Case 6 2 .232 .088 3-9 3 .0 8 .8 2 2 6 .6 956
Case 7 3 .0 6 .041 1 .3 4 4 .3 6 1 .8 7 4 2 .9 1 ,1 7 6
Case 3 I . 2 .1 .048 2-3 2 .5 2 . 7 6 4 3 0 .3 1 .8 2 6
2. 2 .1 5 .073 3-25 3 . I 8 1 .197 37-6 1 ,0 1 9
Case 9 I* 1 .9 5 .022 1 .1 3 2 .73 .9146 33*6 800
2. 2 .1 3 .0575 2 .6 8 2 .8 6 1.2177 4 2 .5 690
Case 10 1*575 .046 2 .9 2 2 .1 .81 3 8 .1 1 ,5 1 7
Case 11 2*79 .03 1 .0 7 3*96 1 .1 27.7 1 ,1 8 1
Average 2 .0 2 3 2 .0




U rine CaO as  





Urine CaO as  
%  o f in ta k e .
Period
Ser.C a.
m gs./lO °ccs. H otes
3 1 .8 1 0 .3 3*5 1 0 .4 Acute ne­
p h r i t i s  
w ith  slow 
c onvalescenos
8 2*3 1 0 .6 3*25 9 . 9 Acute neph­
r i t i s  .
5 2 .7 8 .1 1*7 9*3 Uraemia: diu  
r e s i s  during  
1 s t  p e rio d .
9 1 .1 5 9 . 1 2 .6 8 9*7 Acute neph- 
r  i t  i s .




U rin e  P 20c a s  
%  o f  in ta k e
; P e r io d .
S e r . i n o r g .P .  
i n  m gs/lO O ces
2n<
U rin e  PpORa s  
%  o f  in t a k e .
P e r io d .
S e r . i n o r g .P .  
i n  m^s”1 00ccs N o te s .
3 27*8 6 .0 53*8 5 - 2 - As i n  l ia b le  
X V I I I .
8 3 0 .3 5-1 37*6 4*0
5 31-7 4 .0 3^*5 4*8
9 33-6 7 .1 4**3 4 .8
S a b le  XX.
faecalC<0 a s PadcalfcCfc; a s
So. o f  
ob serv
%  o f  
in ta X  e
J/o  Of
ou t put
70 o f 
in ta k e
yo Of 
out put
P a e c a l CaO 
P a e c a l  PoOc
Sherman & Hawley 12 6 9 .2 9 2 . 2 2 8 .2 37-7
llacrae 7 6 0 .3 89*9 3 2 .6 40 —
C o n tro l c a s e s  o f
p re s e n t  s e r i e s . 3 5 6 .9 8 6 .9 3 3 -4 43-5 —
Average in  norm al
6 4 -7 .C h ild re n  
Average in  n e n h r i t i
22
1
91 3 0 .3 39-2 1 .3 4
C h ild re n . 15 7 8 .8 9 7 -4 5 4 .2 6 2 .3 1 .0 8
Sable XXI.
S u b je c t Paec.CaO a s U rin e  CaO a s Paec.pQ O sas U rin e  E^Ocas p a e c . CaO




la te r ,  la te  
c on va les -  
en c e .
6 8 .5  














Acute s tg .
1 mth. la te] 
Convales­





































3 wks. In te l
Convales­
c e n t .
9 6 .3













*CaO r e te n t io n  per K ilo  p e r Day.
*^2^5 r e te n t io n  in  gms* per K ilo  p er Day.
T a b le  XXII
Cas< 
Ho i n s u l i n
13
I n s u l i n
Case 
Ho i n s u l i n
14
I n s u l i n .
Age i n  y e a r s  
W eight i n  K i lo s
10
23-5




12 u n i t s
am.& pm.
D u ra tio n  o f  b a la n c e
p e r io d  d ay s . 5 5 6 6
D ie t K i lk  9OO00S 
D ia b e t ic  Ho;
. B u t te r  202 
.1 50gms.
s. M ilk  1100c c 
D ia b e t ic  Ho
s B u t te r  2oi 
11 SOgras.
G aO -in take  gms. I .4 6 .1 .3 6 3 1.647 1.625
- u r i n e  ” •67
OH• *52 .381
—f a e c e s  tt • 4 £
HO
.6 1 •385
- t o t a l
o u tp u t  11 1 .0 9 • CO O 4̂ 1 .1 3 .766
—B alan ce + 4* 4* 4-
p .K .p .D  « .016 .0 2 4 .026 .044
P ^ O ^ -in ta k e  gms. 2 .26 2 .133 2 .526 2.617
—u r in e  « 1 . 8 .8 4 1-53 1 .5 1
—f a e c e s  11 .4 8 •73 .6 5 •325
—t o t a l
o u tp u t - 11 2 .2 8 1.57 2 .1 8 1*835
— B alan ce 4* 4* 4-








 • .0 2 4 .017 .039
Pascal w e ig h t11 4-56 5*68 5 .1 5 3*7
ffrine  Y o l .c e s . 1 .1 3 0 700 1 ,2 1 5 1 ,0 4 7
d r in e  su g a r  gms.jS 5-9 t r a c e 1*9 t r a c e .
Table X X III
S u b je c t
in ta k e  o f  
CaO i n  gms 
p e r  day
U rin e  0 
%  in ta k e
aO a s  
%  o u t put
in ta k e  o f  
PgOR i n  
gm s/day .
^U rine P 
%  in ta k e
2O5 a s  
%  o u tp u t
U rin e  
v o l . in  
c c s /d *
3a se  13 
So i n s u l i r

















Uo in s u l in
















3* a b le  XXIV
No i n s u l i n  i n s u l i n
Case 14 Serum P . b e fo re  NaH^PO^ gm s.IV  o r a l l y  
w 1 h r . a f t e r  «
n  2 h r s  11
” 4 hJgs w
Serum. G a .b e fo re  G a .L a c ta te  gms. IV o r a l3y  
11 z  h r s  a f t e r  M
K 4 11 w
n 6 h r s  ** «
mgs. p e r
4 -52
5 -2  
6 .0  
5.85
TO j
M g s.p er
7 .4 7
8 .9 5
1 0 .1 7
9 .2 1
T od










£ a b le  XXV
t
Case 12 C o n tro l P e r io d
P e r io d  d u r in g  
w hich  sodium  
g ly e e r o p h o s . in je c te d
Age i n  Y ears 12 12
h e ig h t  i n  K i lo s 30 30
D u ra tio n  o f  e x p t .—d ay s. 6 6
D ie t low p rotein , h Lgh carbohydrate content
PoOj in . ie e te d  i n t r a y e n . /d a y . . 0 .2 9 3  gm s..............
QaO—d a i ly  in ta k e  i n  gms. • 58*3 .3823
— 11 i n  u r in e  M 11 •0493 .0487
— “ M f a e c e s  ” H .3 1 8 •453
- t o t a l  re c o v e ry •3873 • 5017
- b a la n c e  /K ./d a y .0008 • 0 0 4 . ...........
P ^ O ^ -d a ily  in ta k e  i n  gms. •9772 I .2 7 0 5
— 1 i n  u r in e  11 11 • 357 • 9952
— u w f a e c e s  ** 11 • 293 .336
- t o t a l  re c o v e ry •85 1*3312
—b a la n c e  / K /d ay . 004.2 • 002
D a ily  P a e c a l  w e ig h t (gms) 1 1 .37 1 5 .6 1
w u r in e  volume (c c s ) 1 , 244 1 ,1 5 5
i £
55a b le  XXVI
In take in
CaO
Out put in  gm s/day Intake i: i ?6tkput in  gms/day
Case 12. gm s./d ay . U rine F aeces l o t a l 2& s./day u r in e F aeces 2 o t a l .
iPirst P er iod .5823 •0493 .3 1 8 •3673 •9772 •557 •293 • 85
Second P er iod •3823 .0487 •453 • 5017 1.E705 •9952 •336 1.3312
In crease — - .135 .1344 •2933 • 4382 •043 .4812
A n a ly s is  in  q u a d r u p lic a te .
ITable XXVII
U rine C ontent: /o o f  in ta k e I?aecal C ontent: % o£ in ta k e Sad
Case 12 CaO • PpOr CaO - Pf-Oi
? ir s t  P er iod 12 .8 57.01 83.2 57.0 l .O f j
Second P er iod 12.8 78 .3 118 .4 78 .3 l«3t
G har t  IA. f i g u r e s  t a k e n  from T ab le  I I I .  Gase 12 .
Zoo
loo
B1 o o c l  N .P.N . « ♦ — 0
Blood CO^: V ols  p e r  100 c c s  o f  B lood #•
Serum C alc ium :
Serum I n o r g a n ic  
P h o sp h o ru s :  ’
C h a r t  IB . f i g u r e s  t a k e n  from T ab le  I I I .  Case 5*
, / c o  ■
C h a rt i l l .  f i g u r e s  ta k e n  from  T a b le  V.
*3 *07 •
'OB*- ?}-,
CaO R e te n t i  on 
U rin a ry  CaO: <*- 
Serum C a . : _
x. 3— s   6. 7. . S
(2&e JVUhalrAr.
to. a.
Cha&t IV. f i g u r e s  ta k e n  from  T ab le  V.
P - o f
P2O5 R e t e n t i o n s  
U rin a ry  P2O5S *■ 
Serum I n o r g .P . : -
(. x . 3 — to-. S   4. 7. f
C&M. JVU.>̂ lre.V,
1 -------  to. ff.
P ercen tage of T o ta l E x c re tio n  of Calcium 
and Phosphorus found in  U rine.
C hart V. f ig u re s  ta k e n  from T ab les V &  VI*
Heavy c o n tin u o u s  l i n e  -  n e p h r i t i c  P2OC f i g u r e s  
Heavy d o t te d  l i n e  -  c o n t r o l  P2O5 f i g u r e s  
L ig h t c o n tin u o u s  l i n e  -  n e p h r i t i c  CaO f i g u r e s  










u rin a ry
e x c re tio n
(.1
C h a r t s  showing Serum P h o sph o ru s  C urves  i n  C o n t r o l  C a se s ,
f i g u r e s  t a k e n  from T ab le  V I I I .
Chart VI
/O . I —------------------------------------ .




t .v i 'i  i-i. Ca.se 17
 ® / I- s .
t. Z 3. ^
JfaicYS.
  R.C.
Cxse t3.(1 I » n l b .  
— ®  <*.?.
— . j - . f .  
 •«. J'.-R..
Chart V III . Prolonged phosphorus 
cu rv es .
f ig u re s  tak en  from Table IX
Bt ^




C h a r t s  showing Serum p h o sp h o ru s  C urves  i n  N e p h r i t i s .
f i g u r e s  t a k e n  from T ab le  X




C h a rt X
C h a rt X I
In  C h a r ts  I X , X & X I  
r e p e a te d  c u rv e s  in  
one s u b je c t  a re  r e ­
p re s e n te d  in  c o lo u r s .  
In k  l i n e s  a re  i n d i c a t ­
iv e  o f  th e  f a c t  t h a t  
o n ly  one c u rv e  was 
o b se rv ed  in  t h a t  p a r­
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A p p e n d ix  I .
A n a ly t i c a l  M eth o d s.
1  • E s t im a t io n s  o f  serum. c a lc iu m  w ere c a r r i e d  o u t a c c o rd in g  to
(25)
th e  m ethod o f  K ram er and T i s d a l l  192 1 , w ith  t h e  m o d i f ic a t io n
( 26)
su g g e s te d  by th e  a u th o r s  i n  1923*
2 * D e te rm in a t io n  o f  in o rg a n ic  p h ospho rus o f  serum  was made by
7  m y
t h e  m ethod o f  T i& d a li 1922*
3 * C alcium  c o n te n t  o f  m ilK * T h is  was d e te rm in e d  by e v a p o ra t in g  
and a s h in g  50 c c s .  o f  m ilk .  She a sh  was d i s s o lv e d  i n  HOI, 
made a lh a l i n e  w ith  HH^OH, r e a c i d i f i e d  w ith  g l a c i a l  a c e t i c  
a c id ,  and  the; c a lc iu m  s u b s e q u e n tly  p r e c i p i t a t e d  by a d d i t i o n  
o f  ammonium o x a la te .  She p r e c i p i t a t e  th u s  form ed was 
f i l t e r e d  th ro u g h  a s h - f r e e  p a p e r , d i s s o lv e d  i n  H2SO4, and  
t i t r a t e d  a g a i n s t  s ta n d a r d is e d  /^ q  KMhO^, th e  c a lc iu m  b e in g  
e s t im a te d  a s  OaO.
4 * P h o sp h o ru s c o n te n t  o f  m ilk . 20 ccs* o f  mills: w ere b o i le d  w ith  
10 c c s .  e a c h  o f  HgSO^ and M O j, and  a f t e r  su b s id e n c e  o f  th e  
fum es a  sm a ll  q u a n t i ty  o f  co p p er f o i l  was ad d ed . The 
r e s u l t i n g  c l e a r  s o l u t io n  was d i l u t e d ,  made a l l t a l i n e  by 
a d d i t i o n  o f  HH4OH, r e a c i d i f i e d  valth HOI, and f u r t h e r  t r e a t e d  
by  th e  a d d i t i o n  o f  c i t r a t e d  m ag n esia  s o l u t io n .  The 
p r e c i p i t a t e  th u s  o b ta in e d  was c o l l e c t e d  in  a s h - f r e e  f i l t e r  
p a p e r ,  d r ie d ,  and a sh e d , th e  p h ospho rus b e in g  e s t im a te d  a s
E2° 5 *
5* P r e p a r a t io n  o f  f a e c e s  f o r  a n a l y s i s * P a e ce s  w ere c o l l e c t e d  
i n  Q acanet s h e e t s ,  washed in to  a  p o r c e la in  c a p s u le ,  and  
d r i e d  t o  c o n s ta n t  w e igh t on th e  h o t pjfcate. They w ere th e n  
f i n e l y  g round  and s to r e d  in  t i g h t l y  s to p p e re d  b o t t l e s .  P o r 
a n a l y s i s ,  a  q u a n t i ty  o f  5 S1118* was a sh e d  i n  a  p la tin u m  
c a p s u le ,  th e n  d is s o lv e d  in  HOI and HHO3, and d i lu t e d  t o  
500 CCS*
f f a e c c a l c i u m c o n te n t . 100 c c s .  o f  th e  above s o lu t io n  was
u se d  f o r  e a c h  e s t im a t io n ,  t h e  ca lc iu m  b e in g  p r e c i p i t a t e d  by 
a d d i t i o n /
a d d i t i o n  o f  ammonium o x a la te  e x a c t ly  a s  i n  d e te r m in a t io n  o f  
o f  m ilk, c a lc iu m  c o n te n t .
P a s c a l  p h o sp h o ru s  c o n te n t . 100  c c s .  o f  t h e  qhove s o l u t i o n  
was em ployed, made a l k a l i n e  by a d d i t io n  o f  NH^OH, and 
su b s e q u e n tly  t r e a t e d  by th e  m ethod d e s c r ib e d  fo r  e s t im a t io n  
o f  p h o sp h o ru s  in  m ilk .
U r in e . The u r in e  f o r  e ach  24 h o u rs  o f  th e  b a la n c e  p e r io d  
was c o l l e c t e d  u n d e r  t o l u o l ,  m easured  e t c . ,  and a  m easu red  
q u a n t i t y  r e t a in e d .  At t h e  end o f  e a c h  p e r io d ,  th e  r e t a in e d  
f r a c t i o n s  were w e ll  m ixed and u sed  f o r  a n a l y s i s .
U r in a ry  c a lc iu m  c o n te n t . 250 c o s .  o f  u r in e  were b o i le d  w ith
p o ta s s iu m  p e r s u lp h a te  and HC1 , f i l t e r e d ,  made a lk a l i n e  w ith  
r e a c i d i f i e d  by a d d i t i o n  o f  g l a c i a l  a c e t i c  a c id ,  and 
t r e a t e d  a s  in  th e  c a se  o f  m ilk  a n a l y s i s .  I n s t e a d  o f  b e in g  
t i t r a t e d ,  t h e  c o l l e c t e d  p r e c i p i t a t e  was a sh e d , t h e  ca lc iu m  
b e in g  d e te rm in e d  a s  OaO.
U rin a ry  p h o sp h o ru s c o n te n t . U sing  c c s .  o f  u r i n e ,  a n a l y s i s  
was co n d u c ted  e x a c t ly  a s  i n  m ilk , w ith  t h i s  e x c e p tio n  t h a t  no 
c o p p e r f o i l  was added .
S o l id  a r t i c l e s  o f  d i e t ,  such  a s  ” d i a b e t i c  r o l l s ” w ere a sh e d  
and a n a ly s e d  in  e x a c t ly  th e  same way a s  w ere t h e  f a e c e s .
APPENDIX 2.
Case 1 . M.H. a e t . 11 yrs -  was admitted to  h o sp ita l on 3*6.29  
complaining of pain in  th e  hack, sw ellin g  o f f e e t  and ankles, 
general m alaise and vom iting, a l l  o f 7 days* duration. On 
admission th ere was found s l ig h t  oedema o f  le g s  and lumbar 
region: blood pressure 140/120 mms Hg: albuminuria 0 .5  parts  
Esbach, with red and w hite blood c e l l s  and e p ith e l ia l  and 
granular o a s ts .
Blood COg S2.9 volSj^: N.P.N. 45 .4  mgs.$£: C l 325 mgs.^;
Serum Ca. 0 .8 0  mgs.jf* Serum inorg.P . 4 ~m gs.$.
The balance period was begun on 8 .6 .2 9  at which tim e the  
Esbach showed a tra ce  o f albumen and th e  urine s t i l l  contained  
blood c e l l s  and c a s ts .  Blood curves were observed on 
20.6*29 and 21. 6 . 29.
The urine was noted album in-free on 29 .6 .29  and the c h ild  was 
dism issed f iv e  weeks la te r  in  good con d ition . D iagnosis:
"Acute n e p h r itis ” .
Case 2 . J.McS. a e t .6  yrs . -  was admitted to  h o sp ita l on 24. 5.29  
because o f  headache, vom iting, sw ellin g  o f  face  ana red- 
coloured urine, a l l  o f one weekfs duration. On admission  
the face was puffy , abdomen f u l l  and te n se . The urine showed 
albumin amounting to  one part Esbach, red and white blood c e l l s  
e p it h e l ia l  and granular c a s ts .  Blood pressure I 35/ 9G mms Hg. 
Blood COg 51*3. vo ls*$ : H.p.N. 67 mgs.?5: Cl 3^0 mgs.J&.
Serum Ca. 7*76 mgs.$* inorg.P . 4f7 mgs.$.
The balance period began on 31. 5s. 29 at which tim e th e  oedema 
was in  process o f  disappearing and th e Esbach reading was 0.25* 
On 7*6.29 oedema was e n t ir e ly  gone and blood pressure was 
95/7$ mms.Hg. 11 .6 .29  Serum Ca.9*28 mge.%: inorg*p. 6 mgs.# 
Dism issed w ell on 27*7*29* D iagnosis: "Acute n ep h r itis” .
Case 3 . A.C. a e t . l 2*yrs. -  came to  h o sp ita l on 12 .12 .28  because 
o f  vom iting and m alaise fo r  seven days; headache and sw ellin g  
o f face for 3 days; sw ellin g  o f f e e t  and o lig u r ia  of two days1 
duration.
On adm ission th e re  was s lig h t oedema o f ankles and lumbar 
reg io n  and a blood pressure o f 136/70 mms.Hg. U rine contained  
much album in, blood o e lls  and g ran u lar oasts .
Blood COg 48.8  vois.j£: N.P.N. 43 mgs.$: Cl 320 mgs.j£
Serum Ca. 11 .9  mgs.Jn inorg.P . 4 .13 mgs.J&.
Blood curves were observed on 17 and 19.12.28* Blood pressure  
then was I I 6/58 mms.Hg.: Esbach 0*5 parts: and there were s t i l l  
some red c e l l s  and granular o a sts  in  the u rin e. The f i r s t  
balance period started  on 30*12. 28, the urine s t i l l  contain­
ing a trace  o f albumin. On 3 .2 .2 9  the c h ild  developed  
diphtheria  and was sent to  I.D .H osp ita l where she was reported  
to  be album in-free. On 7*4*29 she was readmitted because o f  
sw ellin g  of the ankles at n igh t, but on admission no oedema 
was found. Blood pressure was 10^ 64mms.Hg. and the urine  
contained albumin (1 part Esbach) and few red blood c e l l s  but 
* no easts*
f iv e  days la te r  the urine was c le a r . Blood curves were 
repeated on 11 and 12. 4*29 and the second balance period
commenced on 15*4*29* „  ̂ ,
P atien t was dism issed w ell on 14*5*29* D iagnosis: "Acute
n ep h r itis" .
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Case 4 * H.J. a e t . l 3i  y r s . -  admitted 29 .6 .29  because of  
dyspneoa, headache and vom iting o f three weeks* duration.
Pour years p reviously  both kidneys had been decapsulated but 
the c h ild  had continued to  have rem ittent oedema, headaohe 
and albuminuria. Shortly  before admission she had severe  
e p is ta x is ,  and was drowsy but passed a fa ir  amount o f  urine.
On admission i t  was noted th a t she was pale w ith  puffy fa ce , 
oedema gen era lised ; heart was much enlarged; blood pressure  
I 72/150 mms.Hg; Esbach 11 p a rts , w ith  abundant c e l l s  and c a s ts  
in  the u rin e. *
Blood C02 44*? v o l s ^ :  H.P.H. 153 mgs.$: 01 340 mgs.jS.
Serum Ca. 7 .91  mgs.Jfc; in org .P . 12 m gs.$.
Blood curves were observed on the two days fo llow in g  admission  
and the balance period began on 4*7* 29* Bowels were moving 
severa l tim es d a ily . On 8 .7 .2 9  th e  c h ild  became drowsy and 
dyspnoeie and complained o f  pain in  the B .c h est, which was 
explained by the fin d in g  o f s ig n s o f  a p e r ic a r d it is  on the  
fo llow in g  day.
12*7*29 Blood GOg 46 .5  3J.P.3J. 353 mgs*j£: Cl 470 m gs.$.
Serum Ca. 3 .7 4  mgs.jfo in org .P .16  mgs.$*
Bled 18.7*29* D iagnosis: "Chronic Parenchymatous n ep h r itis” .
Case 5* HUS. a e t*94 y rs . — admitted w ith b ron ch iectasis  on 
19• 3*29i urine contained no albumin and no o a s t s .  On 3. 4*29 
there was very s l ig h t  albuminuria and .s ligh t oedema o f  B .le g .
A fo rtn ig h t la t e r  there was nothing abnormal in  th e urine but 
th e  s l ig h t  oedema p e r s is te d , and on 24. 4.29 the c h ild  became 
drowsy and i l l ,  and vomited tw ice . Later she had a general­
ised  convulsion  and had double o p tic  n e u r it is ,  but no oedema.
On 25*4*29 her con d ition  remained unchanged except th a t there  
was much oedema and albuminuria with many granular c a s t s .
Esbach 14 p arts.
Blood C02 54.3 v o ls .$ :  H.P.H. 97 mgs.j£; €51 290 mgs.^.
Serum Ga. 7 .7  m gs.^ :-inorg.P . 4 .44  mgs.
26. 4.29 £he c h ild  was s t i l l  extrem ely drowsy and dazed and was 
q uite  b lin d . Oedema was l e s s .  Calcium curve was observed. 
27*4*29 Consciousness was f u l ly  recovered; Esbach 1*75 p a rts ,
and urine contained no o a s ts . Blood COo 49*4 v o ls .$ :  N.P.H.67ng/£ 
Serum Ga. 7*$7 inorg.P . 3 .58  mgs.%, but again-had
con vu lsion s. -
On 30*4*29 e  balance period w$s commenced, the oedema disappear­
in g  during the observation, w ith tremendous d iu r e s is .
6 .5 .2 9  H ood GO2 52*1 v o ls .^ ;  H.P.H. 41 mgs.j£: Cl 320 mgs.%.
Serum Ga. 8 .91 mgs.^: inorg.P . 4 .8  mgs.$. Calcium curve 
obtained. -
Second balance period began on 2 .6 .29  when the urine contained  
a mere trace  o f albumin. Blood curves were follow ed on 
21 and 25*5*29 and the c h ild  was dism issed w ell on 2. 7 . 29. 
D iagnosis; "B ronchiectasis, Uraemia” .
Case 6 E.G*.aet.64 y r s . -  was sent to  h o sp ita l on 17*11.28
because o f P o lyd ipsia  and polyuria , w ith a h is to ry  o f w etting  i-
her c lo th e s  and bed oftener than other ch ild ren . At tim es 
her face had been puffy but no oedema had been n o ticed . She 1
was found to  be very sm all, without r ic k e ts , and to  have j
albuminuria (0*75 parts Esbach) w ith many granular c a s t s .  j
Blood pressure 104/74 mms.Hg. \
Blood H.P.H. 120 mgs.76. Serum Ca. 10.19 mgs.$
Balance period was commenced on 3 *12. 28, the urine examination !
remaining unchanged. On 19*12.28 blood H.P.H. was 86 mgs.^S. |
Blood curves were followed on 16 and 17*1.29 aud p atien t was ;
dism issed in  fa ir ly  good con d ition  but w ith p ers isten t
albuminuria on 4* z.zy*
D iagnosis; "Benal Dwarfism -  chronic in t e r s t i t ia l  n e p h ritis "  
Case 7 . /
Case 7 ♦ A*H* a e t .lO ;fy r s . — complained o f th ree a ttack s of  
haematuria w ith pain on m ictu r itio n  and vom iting during th e  
preceding three months*
On adm ission, 13*2*29 there was no oedema, blood pressure  
136/94 urine contained albumin and blood w ith  a few granular 
casts*  Wassermann rea ctio n  was negative* Blood H.P.H.130mgs.$. 
On 4*3*29 blood H.P*H* 40 mgs*j£ and blood pressure 94/60mms Hg. 
Brine contained some red b lood-corpuscles and an occasional 
granular cast* Blood curves were observed on 27 and 28*3*29 
and th e balance period sta r ted  on 16*4*29*
On 1*5*29 there was s t i l l  s l ig h t  albuminuria with a few red 
blood c e l l s .  The blood Ca* curve was repeated on 2*5*29, 
and the c h ild  dism issed on 31*5*29 w ith a continuance o f the  
s l ig h t  haematuria*
He was seen as an o u t-p a tien t on 2*7*29 and 7*8*29 on both 
of which dates albumen and red corpu scles were found in  the  
urine, but no casts*  H is general h ea lth  was exce llen t*  
D iagnosis: "Acute n ep h r itis” .
. ^
Case 8 . A.E. a e t .6  yrs* — admitted 5*3*29* g iv in g  a h is to ry  
o f sore throat with fever  th ree  weeks p rev iou sly . For one 
week she had vom iting, sw ellin g  o f face  and f e e t ,  and for  
three days albuminuria and haematuria and abdominal pain.
On 7*3*29 face was puffy  but there was no oedema* Blood 
pressure 102/8omms Hg* Brine contained albumin (1*5 p arts  
Isbaoh) red blood corpu scles and e p it h e l ia l  casts*
Blood COg 56*9 ro ls*$ : H.P.H* 5? fflgs.jS: Cl 350 mgs.jS.
Serum Ca* 10*61 mgs*$: inorg.P* 4*39 mgs*j£*
F ir s t  balance period-commenced on 8*3*29 and blood curves 
were observed on 22*3*29 and 8*4*29*
On 16*4*29 the urine was album in-free and the second balance 
period began* Blood curves were repeated on 30*4*29 and
6 . 5*29.
On 13*3*29 blood pressure was 98/ 66mms.Hg; urine remained 
album in-free, and the ch ild  was dism issed w ell on 6 *6 *29* 
D iagnosis: "Acute nephritis"*
Case 9* F*!* s e t .5  yrs* -  had sw ellin g  o f face and le g s  for
two days prior to  admission on 19*9*29 when he was found to  
have lumbar oedema, blood pressure 134/IOO mms.Hg*, albuminuria 
o f  0*5 p arts Esbach, w ith blood c a s ts  and granular c a s ts  in  
th e  urine *
Blood CO* 62 vols*j£: H.P.H* 37*5 mgs*$: Cl 320 mgs.$
Serum Ca* 9*95 mgs*}?: inorg.P* 6 rags.jS*
Blood curves were observed on 21 and 22*9*29 w hile there was 
s t i l l  marked p u ffin ess  of face and some oedema o f legs*
25. 9 .29  blood pressure IOO/65  ? oedema almost gone: very l i t t l e  
albuminuria* On 27*9*29 the f i r s t  balance period commenced, 
and on 9 *10*29 the oedema had e n t ir e ly  gone and urine was 
clear*
She second balance period began on 14*10*29 end was follow ed  
by the second observation o f blood curves on 22 and 23*10*29* 
D iagnosis: "Acute n ep h ritis" .
Case 10. J.HCD* aet*64 y rs . -  admitted on 20*2*29 because o f  
~  sw ellin g  o f face and scrotum with o lig u r ia  o f four days*
duration. He was found to  have generalised  oedema and wheezing 
a l l  over both lungs. Brine contained albumin, red blood 
corpuscles granular casts* -
Blood CO. 61.3  Y ols.# : B.P.H, 36 Cl 320 mgs.#.
Serum Ca. 8.07 mgs.#» inorg.P . 5*33 ® ss.# . 
fb e  balance period commenced on 25*2*29 a t which tim e oedema 
had almost disappeared. Serum Ca. 10.17 m g s . i n o r g . P . 4 .44  
mgs*#* 9 *3*29 urine was reported free  o f  c a s ts , and albumin 
was present in  very small amount. Blood pressure 90/bOmms.Hg. 
Dism issed w ell 22*3*29* D iagnosis: "Acute n ep h ritis" .
Case 11/
Case 11* M*E* a c t *84 yrs* — admitted 14*11*28, complaining o f  
pain in  back and in  abdomen fo r  two weeks, sw ellin g  o f face  
and high coloured urine*
Blood pressure was 120/85 M ms.Hg., and urine contained albumin
(0 .25  p arts Esbach) and some granular casts*
Blood C02 52*1 v o ls .^ . Serum Ca* 9 .3  mgs.jS: inorg.P* 5*2 mgs.j£.
On 21.11*28 the balance period began* Blood pressure was
102/52mms.Hg*, and the urine was clear*
Blood curves were observed on 13 and 19*12*28. There was a 
s l ig h t  albuminuria in  January 1§29 which rap id ly  disappeared  
and th e c h ild  was d ism issed  w ell on 2*3*29* D iagnosis .Acute 
n ep h r itis" .
Case 12* J.W. a e t.1 2  yrs* — admitted on 22*5*29 w ith a h is to ry  
o f haematuria, d iarrhoea, vom iting, abdominal pain and 
g en era lised  oedema with haemorrhagic areas on th e  sk in , of 
7 weeks* duration* He had su ffered  from severa l s im ila r  
a tta ck s-p rev io u sly , a f te r  the age o f  th ree  years*
On adm ission, face was p u ffy , blood pressure 121/76 mms.Hg., 
albuminuria o f 4*25 parts Esbach, w ith abundant blood c e l l s  
and blood c a s ts  in  the urine*
Blood CO2 55*6 vols*$s H*P*H* 53*6 mgs*$: C l 410 mgs.$*
Serum Ca* 6*6 mgs.^s- inorg.P . 10 mgs.^*-
For some time a l l  attem pts to  obtain balance fig u r es  fa i le d  
because o f  vomiting* On 7*6*29 the blood H.P.E* had r ise n  
to  193*5 ®gs*JJ; serum Ca* was 4*35 m g s a n d  serum inorg.P*
12 mgs*^* (Table I I I ) .
Blood curves were f i r s t  observed on 9 and 10*6*29 when a 
f a c ia l  phenomenon was demonstrable (Chvostek*s sign)* There 
were no tu b ercle  b a c i l l i  in  the urine* Curves were repeated  
on 20 and 21*6 . 29*
On 11*7*29 Blood C02 51 vols*$s H.P.H. 59*1 mgs.$: Cl 330 mgs*$.
Serum Ca. 9 mgs./£: inorg.P . 5*58 mgs./S.
The th ir d  s e r ie s  o f  curves was obtained on 15 and 16*8*29 
when th e  blood pressure was 120/85mms.Hg; the Esbach had fa lle n  
t o  0*75 -  1*75 p arts, and the boy was gen era lly  much better*
The balance observations were commenced on 24*8*29, th e  Esbach 
s t i l l  averaging 1+ parts d a ily .
Dism issed on 7*9*29 with p er s is ten t albuminuria but normal 
blood chemistry* Diagnosis!* "Chronic parenchymatous nephritis*"
Case 13* J.G* a e t.1 0  yrs* -  had su ffe red  from t h ir s t ,  p o ly u ria  
and g lyco su ria  fo r  two years and was d e f in ite ly  known to  have 
d iab etes  m e llitu s * Adm itted 2*2*29 fo r  re g u la tio n  o f d ie t*
F ir s t  balance period, on free  d ie t  without in su lin , commenced 
8*2*29* Second balance period, on the same d ie t  + 40 u n its  
o f in su lin  d a ily , was observed from 13*2*29*
Case 1A. J.MoK. a e t * 7 ^ y r s .  -i complained o f frequency o f 
m ic tu r itio n  and p o ly u ria , w ith  gireat th ir s t  o f th re e  weeks 
d u ra tio n . She was found to  s u ffe r  from d iabetes m e llitu s , 
and was g iven  a d ie t  s im ila r  to  "Case 13"* (Table X X Ii)  .
F ir s t  balance* period began on 24*2*29, the second on 20*3*29*
cWs&AS/  C.K* aet*7-^yrs* -  admitted on 26*6*29 w ith a h is to ry  
o f Vomiting and the passage o f frequent green s to o ls  fo r  three  
days, w ith  delirium  for two days* D iagnosis o f  acute i le o ­
c o l i t i s  was made and patien t made a good recovery. On 30*6*29 
the urine contained blood and albumin but no c a s ts , and on 
11*7*29 a f te r  the temperature had subsided, urine was c lea r  
and continued so . Balance period commenced on 8*8*29 and 
blood curves were follow ed on 15 and 16*8*29*
Dism issed 17*8*29 — well*
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Case 16 . J.IC* a e t .6  y rs . -  admitted 3 .1 0 .2 8  because of ^erky 
movements o f  th e  lim bs o f four weeks* duration. D iagnosis: 
^Chorea**.
B alance.period commenced on 14*12.28 and blood curves were 
observed on 23 and 27*12.28. Urine was c le a r  throughout 
h is  e n tir e  sta y  in  h o sp ita l.
Case 17 . l.McD. a e t .6  yrs — admitted 29*6.29 w ith a h isto ry  of  
severe cough and unpleasant sputum o f three years* duration. 
She was considered as a p o ss ib le  b ro n ch iec ta sis . Urine was 
always c le a r .
Balance study was commenced on 1 0 .8 .2 9  and blood carves were 
obtained on 16 and 17*8.29*
She other balance observations contained in  Sable VI were noted  
by Dr. Macrae in  ch ildren  convalescent from acute illn e sw es  
sim ila r  to  th ose o f  Cases 15 f 16, 1? o f t h i s  s e r ie s .  Accordingly 
i t  has not been considered necessary to  r e fe r  to  th e ir  c l in ic a l  
h is to r ie s .
